









































Damaged radia'‘ors may be 
repaired by a novice; sim- 
ply remove and renew in- 
jured tubes, 
INFRINGEMENT NOTICE: 
This radiator is fully covered 
by patents and we will vigor- 
ously defend our rights against 
its unauthorized manufacture, 
Sale or use. 





BULLETIN 





The Indianapolis Speedway 
500-Mile race May 30th was 
won with a Fedders stock 
Radiator on Howard Wilcox’s 
Peugeot Car. 











Individual Cellular Tubes 


An Exclusive Feature of this Fedders Radiator 


These cell-like single tubes are an exclusive feature of the Fedders Genuine Honey- 
comb Radiator—and the very foundation upon which the success of this type radiator is 
based. 

Fedders Radiators built of these individual tubes should not be confused with any of 
the various ribbon types made of sheets rolled and joined together to look like Fedders 
Individual Tube construction—the original of its kind, and the one with which we won our 
present Supremacy in the radiator field. 

The core of this Radiator is built up wholly of these tubes placed in a horizontal posi- 
tion and anchored to the adjoining tubes by all six flat surfaces at their expanded ends, to 
form circulating water spaces around and between the tubes, not merely thin line edges 
or points of contact as with other radiators made to resemble this in outward appearance. 

As a result of genuine tube construction, this Fedders Radiator has no equal in Cool- 
ing Efficiency, Ease of Repair, Resistance to Overheating, Freezing or Leakage. 


Let us send full descriptive information 


FEDDERS MFG. CO., pe BUFFALO, N. Y. 


SSD fit 


WU, TD 


a ce 
ais 


fy. 






























UTILITY 


Automotive Products 
















Fy 











THE BIG SELLERS naa 
This Spring 


The big “‘best seller'’—whether it is a novel or a set of 
Utility Pedals for Fords—tells two stories worth while: 


” 
AU NMR INES Re 


Its big sales make big profits. 


Its big popularity makes more big sales. 





Users say that Utility Pedals are the absolutely neces- 
sary accessory for Fords. They bring  slip-proof : 
safety to the place where the Ford car drives. area eacheeeaiaaa oem 


. UTILITY RIM WRENCH 
Their value is equal tc the lives of the passengers plus For All Cars $1.78 


the cost of the car—and they sell fast for $1.25 per set. 








UTILITY PUMPS 
For All Cars $12.00. For Fords $7.50 


aT Ea 
oe tones Re EEO eg te Mae ST BOE EEN SP ae : 


Dealers—Order from your jobber. 


Jobbers—Get in touch with us. 


HILL PUMP VALVE COMPANY 


Mfrs. of UTILITY Products 
' Archer Avenue and Canal Street, CHICAGO 


Sales Department: 


THE ZINKE COMPANY, 1323 S. Michigan Avenue, Chicago 
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UTILITY DISAPPEARING 
TRUCK BODY 


For Fords. Price $38.50 


UTILITY UNIVERSAL WREN(CTi 
Set for All Cars $3.50 


UTILITY PROTECTED HEATERS 
For All Cars $9.00 to $25.00 
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Some Immediate Problems 


Engineering Comment on Pertinent 
Questions of Design 


NUMBER of engineers were asked by AUTOMOTIVE INDUsTRIEs to write their 
opinions of certain features of design for automobile, truck and tractor con- 


trol for the Engineering Issue. 
are printed with this article. 
ion on these topics. 


F you could sit at luncheon with a dozen prominent 
engineers in the automotive industry and participate 
in the round-table discussion which would ensue, you 

could not fail to come away with many thoughts and 
perhaps a few inspirations. The status of the industry 
makes the views of engineers of the highest importance 
at this time. 

In the following pages AUTOMOTIVE INDUSTRIES is pre- 
senting to you the approximate results of just such a 
conversation. The problems discussed are uppermost in 
the minds of automobile, truck and tractor manufactur- 
ers. We all realize that we are on the eve of many 
departures from what has been regarded as standard 
practice in the past. Changes, which on the surface ap- 
pear radical, but which are really the fruits of develop- 
ment extending through several years, are about to be 
made. Never were the inventors, designers and engi- 
neers so busy in boldly carrying out principles which have 
been evolved in the laboratory, but which have not as 
yet been put into practice. 


A War Benefit 


It took the war to jog us out of a mechanical rut. The 
quality of workmanship in the automotive industry has 
gone up, due to the experience gained in the manufacture 
of airplanes, airplane engines and parts requiring closer 
degrees of inspection than anything. we have ever had to 
do with in commercial work. The demands of the gov- 


The comment was directed by questions which 
The replies are an indication of the trend of opin- 
You will find them interesting. 


ernment inspectors, which appeared unreasonable in many 
instances, have acted as a spur toward more accurate 
manufacture. 

The entire automotive industry is focused around the 
power plant. It is the development of the internal com- 
bustion engine in small units which has created this 
rapidly growing industry. Refinements which perfect 
the engine, increase the efficiency of the products of the 
industry and consequently are of the utmost importance 
to all engineers. It is not strange, therefore, that when 
engineers get together one of their prime considerations 
is the power plant. Many new things are developing in 
automotive engines. 

The fuel situation has made it imperative that we 
must operate at higher thermal efficiency than the 15 to 
20 per cent with which we have been content during the 
past decade. Some believe that the superinduction en- 
gine points the way toward higher thermal efficiency, but 
a reading of the views of other engineers shows that this 
opinion is by no means unanimous. 

Is it possible to secure a much greater efficiency from 
an engine of definite size by ramming an excess charge 
into the combustion chamber so that the filling will not 
be 75 or 80 per cent, but, instead, will be possibly 105 or 
110 per cent at the beginning of the stroke? 

There are many possibilities in the future for piston 
developments. Nowhere else is there such a variety of 
opinion to be found. The question of the aluminum or 
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cast-iron piston, which we have been struggling with for 
4 years, has not as yet been definitely answered. The 
questions which will be answered only by the future 
include whether or not the coming piston will be some- 
thing along the lines of the hour-glass type or some other 
form of non-continuous wall, or whether it will be along 
the lines of the full cylindrical type. The Riccardo type 
of piston, which has both a guiding and a sealing ele- 
ment, has created an unusual amount of interest. 

Aluminum pistons are being made by different makers 
for different purposes. Some are using aluminum be- 
cause it is light, and these make their sections as light 
as is structurally possible, in order to cut down the 
reciprocating masses in the engine. Others use alumi- 
num because it is an excellent conductor of heat, and 
these, in order to get the heat away from the center of 
the piston as rapidly as possible, use heavy section alumi- 
num pistons, which weigh practically the same as those 
of cast iron. 

How to get endurance and long life from the tractor 
engine has been a subject which is far from being ex- 
hausted. The engine builders are divided into two 
schools. One designs the engine to get all the power 
possible from a given displacement; the other designs the 
engine with restricted intake passages to automatically 
prevent the engine from being overworked. 


Lubrication 


Another important development in the tractor engine 
is the question of lubrication. A short time ago we were 
of the opinion that pressure lubrication was the only sys- 
tem for the tractor engine. That this opinion is by no 
means universal will be perceived from the discussion 
in these pages and conversation with various tractor en- 
gineers. The opportunity for allowing the oil to settle, 
produced by the splash system of lubrication, is impor- 
tant according to some, while others believe that the only 
way a tractor engine should be lubricated is by oil posi- 
tively fed to all spots under high pressure. 

Some of us who have watched performances on kero- 
sene and have witnessed results which are far from satis- 
factory are wondering if it would not be better to dis- 
continue the kerosene pretense and come out flat-footedly 
on a frankly gasoline basis. Some tractor engineers are 
thinking the same thing, but not all of them. Some believe 
that the few cents saved in fuel is more than made up 
by the amount spent in replacing lubricating oil and in 
repairing the damage due to the destruction of the oil 
film. The increased crankcase dilution due to the use of 
kerosene is believed by many to more than pay for the 
fuel price difference. 

Trucks, passenger cars and tractors are all presenting 
transmission problems which are keeping engineers 
awake at night. In the passenger car field practically 
everyone is dissatisfied with the modern selective trans- 
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mission, particularly as regards its noise on first and 
second speeds. The question is, can the present type of 
gearbox be improved so as to give the desired silence by 
superior design and workmanship, or is it necessary to 
go to some other type, which may perhaps be a radical 
departure from that in use. 

There has been much criticism that the weight of rear 
axles, both of passenger cars and trucks, is too great. 
It has been often asked by engineers if it is not possible 
to materially reduce the axle weight by superior design. 
Little change has been-made in the axle in recent years 
and the impression prevails that this point has not been 
fully taken care of. This is a big field for useful dis- 
cussion. 


Braking System 


In no other matter is the opinion of engineers so 
unanimous as it is in regard to brakes. There is not an 
engineer who does not say that, taken as a whole, the 
brakes on American cars and trucks are inadequate. You 
cannot drive any American-made car or truck from 
Philadelphia to Pittsburgh over the Lincoln Highway and 
use the brakes like they should be used. The engine must 
be used as a brake in order to help out the inadequate 
system on the drum. This is not denied by any engineers 
with whom we have had an exchange of views. What are 
we going to do about it? This is a most important 
matter and one which should be taken care of imme- 
diately. Is the transmission brake the answer? 

What do engineers think of the transmission brake as 
a hand brake possibility, thereby removing the linkage 
from the rear axle and also providing an independent 
drum not subject to the heat generated by the application 
of the foot brake? This, of course, gives a brake which 
would perhaps be more satisfactory to continuous hill 
work, but objections are advanced in the way of chatter, 
of excessive strains on the universals, and, where metal 
to metal brakes are used, of the extreme noisiness, 


The Engineers’ Forum 


These problems, and others, are of such importance 
that the time has come for us to lay our cards on the 
table and throw the suggestions, which we all have, into 
the common melting pot, to evolve the answer. These 
problems are not going to be solved by any one individual 
or by any firm. The industry, as a whole, is going to be 
advanced as soon as they are solved and American-made 
products are going to increase their reputation through- 
out the world at a rate governed by the manner in which 
we handle these vital questions which now confront us. 
AUTOMOTIVE INDUSTRIES maintains an open forum in its 
pages and engineers are invited to discuss pertinent 
problems through its columns. In the following pages 
are given some of the opinions of leading engineers on 
the matters outlined in the foregoing. 


As to the Automobile and Truck 


* By D. McCall White 


I believe there is much to be said for superinduction 
for the purpose of ramming an excess charge into the 
combustion chamber, thereby increasing the volumetric 
efficiency, etc. This will, however, have to be accom- 
plished in quite a different manner than in the devices 
I have seen. There are instances where crankcase com- 
pression has been used for this purpose and this appears 
to me to be quite an ideal way of doing the job, except 
for the fact that the entrance and exit of the air causes 


a considerable shuddering noise, which is very objec- 
tionable. Where supercharging is used, the means taken 
for injecting this charge into the cylinder must be such 
as to accomplish its purpose without objectionable noise. 

On the matter of the future of piston development the 
hour-glass is a type of piston which I developed in Eng- 
land and which was in a measure successful. The only 
unfortunate thing about this is that, in view of the fact 
that reciprocating gases must be as light as possible, the 
pistons must be made short. In designing the hour-glass 
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following definite questions: 


THE QUESTIONS 


“HE views of representative engineers given on these pages are in answer to the 


Passenger Car and Truck Questions 


1—Do you believe in superinduction charges for the purpose of ramming an ex- 
cess charge in the combustion chamber, thereby increasing the volumetric efficiency 


and consequently mean effective pressure? 


2—What do you think of the future of piston development? Is it coming along 
the lines of the hour-glass type of pistons or some form of non-continuous wall, or do 
you believe that the full cylindrical type will prevail? 

3—What do you think of the heavy type of aluminum piston as a possibility; also. 
what do you believe of the die cast aluminum pistons, perhaps used in certain such 
types as the Riccardo with a guiding element and a sealing element? 

4—Do you believe there is any chance for a radical change in transmissions, getting 


away from the noisy performance on second and first speeds? 


What do you believe 


will be done to combat this noise in ordinary transmissions? 


5—Do you think that rear axles are too heavy for the power transmitted? 


Will 


it be possible by superior design to greatly improve the rear axles? 

6—What do you think of the transmission brake as a hand brake possibility, thereby 
removing the linkage from the rear axle, and also providing an independent drum not 
subject to the heat generated by the application of the foot brake; also, giving a brake 
which would be a true emergency brake and useful for continuous hill work? 


Tractor Questions 


1—What do you think of governing tractor engine performance by restricted in- 


take passages. 

2—What do, you think of the splash vs. 
engines ? 

3—Do you think it would be better to 
of kerosene basis? 


pressure lubricating question for tractor 


sell tractors on a frankly gasoline instead 
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type, one is apt to cut out too much surface. There is no 

doubt that the hour-glass type is a very stiff piston, but 

I believe that the full cylindrical type of piston will 

eventually prevail, because it has a maximum amount of 

surface, which is the best preventive against condensa- 

tion getting past the piston walls and down into the 

crankcase. Likewise, it also forms the best possible seal 

to prevent the oil from passing upward into the combus- 

tion chamber. 

Aluminum pistons I do not regard as a possibility 
under present circumstances, owing to the great amount 
of change in shape due to temperature. It may be pos- 
sible to design a piston having a light cast-iron shell, with 
an aluminum head to carry away the heat, and this prob- 
ably would be a good deal better than a complete alumi- 
num piston. 


Transmission Brakes 


I believe there is a radical change coming in trans- 
missions. This change will take the form of the epicyclic 
gear, electric transmission, chain transmission, or some 
other type differing from the designs in use. Likewise, 
in rear axles a change is coming. As they are designed 
at present, they are entirely too heavy for the power 
transmitted. By careful and scientific design I am cer- 
tain that the rear axle can be greatly improved. 
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Transmission brakes have many things in their favor, 
and, likewise, against them. I have had a good many 
years’ experience with transmission brakes, not only as a 
service proposition, but also as emergency brakes. In 
its favor it may be said that it has a great deal of 
power. However, the velocity of the drum itself is very 
great and rapid wear on the asbestos lining is sure to 
take place. If cast iron is used, there is sure to be much 
noise. Brake chatter is also very prevalent with the 
transmission brake, but there is no doubt that all of 
these things can be overcome by careful design and the 
matter is well worth careful investigation—D. McCall 
White, Former Vice-President Cadillac Motor Car Co. 


By E. Planche 


It is, in my opinion, of paramount importance to com- 
pletely fill the cylinders with the best explosive mixture 
during the complete range of speeds of the motor, espe- 
cially since the general use of the heavy gasolines which 
have been furnished to the public in the last few years. 
This question has had my careful attention during the 
last 6 years and all motors I have designed during that 
period have had a specially designed inlet pipe, of conical 
shape, inside the cylinder block, thereby increasing the 
speed of the gases. I have also brought the carbureter as 


(Continued on page 1356) 
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Originated by Dr. Donald Mac- 
Kenzie of the Bureau of Stand- 
. ards and Successfully Applied to 
a Single-Cylinder Liberty Engine 


By P. M. Heldt 


NE of the most interesting questions connected with 
() the internal-combustion engine is that regarding the 

rate at which the flame or explosive wave is propa- 
gated from the point of ignition to the more remote 
parts of the combustion chamber. The term “rate of 
flame propagation” has been much used, especially in 
glib talks on the efficiency of different types of ignition 
apparatus, but it must be admitted that our knowledge 
on the subject so far has been exceedingly limited. It is 
true that a number of experiments have been made, but 
in. practically every instance the explosion took place in 
a closed vessel, so that the effects of turbulence of the 
mixture and change in volume of the chamber were not 
brought out. 

Just now the question of flame propagation is of 
peculiar interest, because of its bearing on the subject 
ef knocking in engines. Various theories as to the 
causes of knocking have been advanced, and it has been 
impossible to check them because of imperfect knowledge 
of exactly what occurs in a cylinder after the spark has 
passed at the plug. 


Principle of New Method 


Dr. Donald MacKenzie of the Bureau of Standards has 
evolved a new method of measuring the rate of flame 
propagation which is based on the principle that when 
the atmosphere surrounding a pair of spark terminals 
is flame, the electrical pressure required to break down 
the resistance of the gap is reduced. Thus, if there is 
an extra, inactive spark plug in the combustion cham- 
ber, the spark terminals of which are subjected to a vol- 
tage which is just short of creating a spark when the 
gap is under the normal compression pressure, then as 
soon as the flame reaches the gap ionization takes 
place; that is, there is a transfer of electricity from 
one electrode to the other. By passing both the spark- 
ing current and the discharge across the terminals 
of the inactive spark plug through the coil of an oscil- 
lograph, wave diagrams of both of these discharges can 
be recorded on the same sensitive plate. If, in addition, 
the sine curve of an alternating current from service 
mains of known periodicity is recorded on the plate, an 
accurate time scale is automatically obtained, and the 
time it took for the flame to travel from the working to 
the inactive plug can be readily measured. 

Experiments are being conducted on a single-cylinder 
Liberty engine which is set up in a temporary structure 
at the Bureau of Standards. The work is being done by 
Dr. MacKenzie and R. K. Honaman, who in a recent 
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Fig. 1—Single-cylinder Liberty engine used in experiments 


to determine rate of flame propagation 


xaper before the American Physical Society at Washing- 
ton gave a description of the set-up employed and an out- 
line of their plans. 

A photograph of the Liberty single-cylinder engine 
used in the experiments is reproduced (Fig. 1). As is 
well known, the standard Liberty cylinder has two spark 
plug bosses, both in the cylinder head, in the corners 
between the valve pockets. In this particular cylinder a 
third spark plug boss has been provided at the side of the 
combustion chamber. The spark plug in the last-men- 
tioned boss is used for ignition, while the two other 
spark plugs are used for observations on flame propaga- 
tion. 

In Fig. 2 is shown a diagram of the electrical connec- 
tions. To obtain the high voltage required at the ter- 
minals of the inactive spark plugs, use is made of a 
transformer by means of which alternating current from 
service mains is stepped up from 100 to 5000 volts. Both 
terminals of the secondary of this transformer are con- 
nected to Kenetron tubes, or vacuum tube valves. For 
the benefit of those not familiar with this type of elec- 
trical device, it may be explained that a Kenetron valve 
is a vacuum tube containing two electrodes, one in the 
form of a disc and the other in the form of a coiled fila- 
ment, which can be brought to incandescence by current 
from a low-voltage battery. The battery circuit is closed 
through the filament and the complete device is then in- 
cluded in the alternating-current circuit, one alternating 
lead being connected to the filament electrode and the 
other to the disc electrode. During that part of the 
cvcle when the hot electrode is negative, electrons, or 
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small particles of negative electric- 
ity, are projected from it toward 
the cold, positive electrode, these 
electrons forming current carriers. 
There is no corresponding action 
during the other half of the cycle, 
when the hot electrode is positive. 
Hence, only impulses in one direc- 
tion pass through the vacuum tube. 

The unidirectional high electro- 
motive force obtained from the 
transformer, through the vacuum 
tube valves, is used to charge two 
condensers, C’ and C’, fhrough high 
resistances R' and R’. Toward the 
end of the compression stroke, a 
moment before the spark passes at 
spark plug No. 1, condensers C’ and 
C’ are electrically connected to the 
central terminals of spark plugs 
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Nos. 2 and 3 respectively, by means 
of a contact disk which is mounted 


GOOFT. 
on the overhead camshaft (and TRANEMISSION 
which can be seen in Fig. 1). Thus, _ 
when the spark passes at plug No. 

1, plugs Nos, 2 and 3 are subject to OSCILLOGRAPH 
a static pressure of about 3000 VIBRATOR 
volts. As soon as the flame of 


the explosion reaches the gap of 

spark plug No. 2 ionization takes place and the condenser 
connected to this plug will discharge. By tracing out the 
connections it will be seen that the discharge current has 
to pass through the oscillograph vibrator. The same 
thing is repeated a moment later at plug No. 3. 

The regular battery ignition system is used for 
igniting the single-cylinder engine, the secondary ter- 
minal of the ignition coil being connected to spark plug 
No. 1, at the side of the combustion chamber, through 
the primary of an air core transformer. The secondary 
winding of this air core transformer is connected in cir- 
cuit with the oscillograph. This instrument is located 
in another building, and connection to it is made through 
a 600-ft. transmission line. A 60-cycle alternating cur- 
rent is also sent through the oscillograph, and this traces 
a sine curve on the oscillograph plate, which serves to 
determine the time scale. 


Character of Oscillographic Record 


The effect obtained on the oscillograph plate, therefore, 
is as follows: A continuous sine wave is traced by the 
current from the 60-cycle source. When the spark occurs 
at plug No. 1, an impulse is induced in the secondary of 
the air core transformer, and this produces a correspond- 
ing impulse of the oscillograph vibrator, which is super- 
imposed upon the sine curve. A moment later, as the ex- 
plosive wave reaches the gap of spark plug No. 2, con- 
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Fig. 2—Diagram of electrical circuits 
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Fig. 3—Oscillograph record showing 

spark impulse and discharge across 

gaps of extra spark plugs superim- 

posed on sine curve of 60-cycle alter- 
nating line current 
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denser C' discharges through this plug, and since the dis- 
charge passes through the oscillograph, the record of this 
sudden current impulse is also superimposed upon the 
sine curve. The same phenomenon is repeated a moment 
later when the explosive wave reaches the gap of spark 
plug No. 3. 

Some of the details of the electrical circuit require fur- 
ther explanation. There might be a question as to the 
need of the contact disk at the end of the camshaft, as 
the open circuit at the spark plug should prevent a dis- 
charge of the condenser taking place. It was found that 
in order to make the apparatus most effective, the voltage 
applied to the spark plugs must be not far short of that 
required to produce a disruptive discharge under full 
compression. Such a pressure on the spark plugs, how- 
ever, would cause a spark to pass at the beginning of the 
compression stroke, when there is little compression in 
the cylinders. Hence, the contact disk is needed. 

An expedient resorted to in order to obtain as sharp 
a signal as possible upon the arrival of the explosive wave 
at the inactive spark plug consists in making the value% 
of the resistances R’ and R’ from 40 to 50 times as large 
as those of resistances R*’ and R‘’. This minimizes the 
current from the vacuum tube valve flowing through the 
spark plug circuit, while, on the other hand, the low 
value of resistances R* and R* allows a rapid discharge 
of the condensers through the spark plugs. Also, the 
charging of the condensers from the transformer 
through the valves is distributed over a comparatively 
long time. The actual values of the resistances are 
15,000 ohms for R* and R* and 600,000 ohms for R’ and 
R’. The two condensers C' and C’, which have a capacity 
of 0.0034 microfarad each, are charged to a potential of 
about 3000 volts. This results in an initial discharge 
current of about 0.1 ampere and gives a deflection of the 
oscillograph vibrator of 20 mm. (0.8 in.). On the other 
hand, the maximum rate at which charge enters the con- 
densers is only about one-twentieth of this. 

It will be noted from Fig. 3 that three Kenetron 
valves are used, one on one side of the transformer sec- 
ondary and the other two on the opposite side, in paral- 
lel. Valves B' and B’ are required only because if resist- 
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ances R' and R* were both directly connected to the sec- 
ondary of the transformer, current from condenser C’ 
would discharge through R’, R* and R’ into spark plug 
No. 2, so that the potential of C* would be greatly re- 
duced before the flame reached plug No. 3, and no dis- 
charge would take place across the gap of this plug. 
Valves B' and B’ allow charging to take place freely, but 
prevent an interaction of the two discharging circuits. 

A somewhat puzzling feature of Fig. 3 is that there 
are 3 sine waves on the slide. The reason for this is 
that the shutter of the oscillograph was held open for 
three successive revolutions of the drum. The equal 
phase relation of the three curves was obtained by prop- 
erly adjusting the speed of the drum. 

It will be noted that the ignition spark is indicated 
on the oscillograph by a number of successive pulsa- 
tions. This curve, of course, is no direct record of the 
spark, but a curve of its first derivative, as it is the 
secondary current from the air core transformer that 
produces the record on the plate. 

As noted in the diagram, Fig. 2, the distance between 
spark plugs Nos. 1 and 2 is 3 cm., and the distance be- 
tween Nos. 1 and 3, 4.8cm. Fig. 3 shows that under the 
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particular conditions of operation under which this os- 
cillogram was obtained it took the flame 0.0043 second 
to travel the first-mentioned distance, and 0.0077 second 
to travel from plug 1 to plug 3. Measurements taken 
on different films have shown that the rate of flame 
propagation varies greatly with the conditions under 
which the engine is operated. Some of the factors af- 
fecting it are the richness of the mixture, the compres- 
sion ratio, the heat content of the ignition spark, and 
the degree of turbulence within the combustion cham- 
ber. It was found in all cases that the velocity of flame 
propagation increased with the distance from the igni- 
tion plug. For the first 3 cm. (the distance between the 
ignition and the nearest inactive plug) the values varied 
between 5 and 25 meters per second, and for the first 
12 cm. (the distance between plugs 1 and 3) it varied 
all the way from 15 and 60 meters per second. 

The practicability of the method having thus been 
established, it is planned to carry out a complete series 
of tests to determine the effect upon the rate of flame 
propagation of all the different factors, such as mixture, 
composition, degree of compression, spark advance, in- 
tensity of ignition spark, grade of fuel used, etc. 





Measurements and Tests of the British R-34 
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tained by the British airship which is expected to 
start a trip across the Atlantic in the near future. This 
test flight was not planned, but was the result of the 
dirigible becoming lost in a fog and being in the air 21 
hours and returning to her hangar under her own 
power. 

“R-34 was built for the British Admiralty at the Air- 
ship Works of Wm. Beardmore & Co., Ltd., Inchinnan, 
Renfrewshire, Scotland, and the photo shows the vessel 
in the air prior to carrying out a successful trial flight on 
March 15. The ship is about 650 ft. long by 80 ft. in 
diameter, and it has a capacity of more than 2,000,000 
cubic feet, with a useful lift of over 30 tons. She is fitted 
with Sunbeam engines and capable of attaining a speed of 
about 70 miles per hour. The preliminary trial extended 


over a period of 4% hours under favorable weather con- 
ditions and the ship flew at various altitudes up to 2,000 
feet. 


The ship’s complement numbered about 30, includ- 





ing several technical members of the Beardmore staff. 
“R-34” is a great improvement over the other dirigibles 
which the firm completed and delivered to the Admiralty 
during the War. The time occupied in the construction 
of this vessel, in her shed, was about 6 months. 

“R-34,” subsequent to her trial flight, completed with 
satisfaction an endurance non-stop flight of 19 hours, 
during which trial all kinds of weather were encountered, 
rain, fog, snow, mist and squalls, but the vessel was able 
to carry out her program of visiting Ireland and other- 
wise circling about the British Isles before returning to 
her large hangar at Inchinnan. 

Sundry details are being carried out at the moment 
and it is expected that the British Admiralty will permit 
the vessel to start the voyage across the Atlantic at an 
early date. The vessel has been fitted with fuel tanks of 
sufficient capacity to enable the journey to be effected 
easily, and she also possesses all other necessary re- 
quirements. 
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Carburetion of Low Grade Fuels 






Some Points on the Design of Inlet Manifolds for Heavy Fuel Engines—Easy 
Bends vs. Chokes at Crotches 


By O. H. Ensign 


the present fuel situation is the correct design of 

manifolds. Most of the existing automotive ap- 
paratus has been designed around the requirements of an 
easily vaporized fuel. Such a fuel approximates in per- 
formance a mixture of air and fixed gas, and in the de- 
sign of manifolds it is necessary only to consider the fluid 
friction of the mixture and the absolute pressure loss in- 
volved in the change of direction at branches and Y’s. 
But modern gasoline has an initial boiling point as high 
as 150 deg. and an end point as high as 450 deg., which 
calls for an entirely different solution of the problem, and 
this remark applies all the more strongly to any efforts 
to burn kerosene or distillates between kerosene and our 
so-called gasoline. 

We are compelled to consider the practical use of a so- 
called wet mixture, for as soon as we get into the realm 
of the perfectly dry mixture, the size of the engine, its 
weight and expense rise rapidly; so the attack of the 
problem must be along the line of making the best use of 
a mixture, which involves utilizing the lighter bodies 
ot the fuel with enough heat to make sure of good igni- 
tion and flame propagation, and of carrying the heavier 
constituents into the engine cylinder, finely enough di- 
vided and homogeneously distributed through the mass 
of mixture to give correct or reasonably correct combus- 
tion. In other words, to vaporize a portion by the use 
of vacuum and heat, and by turbulence and agitation, con- 
tinued right down to the opening of the valve, to me- 
chanically handle the heavier elements in such a manner 
as to bring about the above result. 

It has been demonstrated that when a well vaporized 
mixture passes through an-elbow there is always consid- 
erable condensation. Therefore, beyond every elbow and 
at every turn or branch, the mixture should be violently 
agitated, because poor distribution to the various cylin- 
ders and lack of homogeneity of the mixture in any cyl- 
inder may be easily demonstrated to be much greater 
causes of power than the friction involved in the follow- 
ing constructions. 

Y branches such as shown in Fig. 1 are decidedly wrong 
for low grade fuels. Assume the mixture approaching 
such a Y branch with the fuel uniformly distributed 
throughout the stream of air; when coming to the Y, the 
fuel being denser than the air, part of it that should go 
to the right, will pass right on and fall dead in the quiet 
air to the left, being deflected by the “splitter.” This 
fuel is picked up by the next impulse to the left, with 
the result of a puff of black smoke from the exhaust after 
it has reached the cylinder. In order that all cylinders 
may get sufficient fuel for each explosive impulse, the 
mixture must be made richer, because, as above described, 
a portion of it is separated from the air into relatively 
large drops and is not available as explosive fuel. 

The proper construction for a branch is shown in Fig. 
2. The arrows show how the fuel flows with the air in 
the right direction. The fuel in the air stream nearest 


QO NE of the most difficult problems in connection with 






























































INTAKE MANIFOLDS—1, Ordinary manifold joints 

with “splitters” (defective). 2, Proposed design of 

manifold. 3, Elbow with sharp inner edge. 4, Siamesed 

valve passage. 5, Recommended design of triple outlet 
manifold 


the side calling for it is thrown into the center of the 
stream, and that from the opposite side is deflected in the 
right direction. There is excessive turbulence at such a 
branch, not easily shown by arrows, and remixing occurs. 
Also there is always more or less of the heavier frac- 
tions on the walls, in liquid form, and with this construc- 
tion these globules are thrown out into the air stream 
again and remixed. Fig. 3 illustrates the construction 
which should be followed in passing an elbow; the inner 
edge should always be sharp. As mentioned above, the 
mixture in passing around an elbow is separated more or 
less from the air stream. Immediately beyond the elbow 
there should be a sharp edge choke that will tend to throw 
this fuel back into the air stream. Fig. 4 represents the 
ideal construction for connection to siamesed valve pock- 
ets. Here again we have a branch, but by setting the 
wall opposite the entrance so that it is about on the center 
line with the two intake valves, we obtain an increase in 
flexibility, power and economy, for in this case the fuel 
mixture is properly maintained until it enters the cylin- 
der, upon entering which it is again broken up and finally 
delivered in the form in which it will develop the maxi- 
mum mean effective pressure. 

There is a great variety of manifold designs for con- 
necting up three or six cylinders. Fig. 5, laid out in de- 
tail as explained above, will give by far the best results 
and is the simplest form possible. The writer has 

(Continued on page 1353) 
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Study of Air Resistance and Air Flow 


Laws of Air Resistance Determined for a Wide Range of Air Speeds—Eddies 
Produced by Obstacles—Practical Applications to 
Aircraft and Automobile Problems 


By H. Levy, M.A., D.Sc., F.R.S.E.* 


motion of a body through the air at rest, or, what is 

in many respects identical, by the steady motion of 
air ‘past a body at rest, is one which, although it has 
sprung into importance during recent years on account 
of the rapid development of aerial flight, is of no small 
consequence in other branches of engineering. The 
question has long been recognized as one which vitally 
affects such questions, for example, the design of 
bridges and light buildings exposed to the forces of 
winds and gales. On the other hand, automobile en- 
gineering design, in common with other branches of 
locomotion, fighting as it is for the last inch in efficiency, 
cannot afford to neglect the effect of wind resistance to 
its motion and modifications that might be introduced 
into design, both to reduce this parasitic force and to 
minimize the effect of the associated evils of dust 
raising. 

These are only a few of the branches of engineering 
to which the question should appeal with cogency, but 
it will become apparent that the question of air flow is 
not alone applicable merely to the motion of bodies in 
air, but is exactly equivalent to the corresponding prob- 
lem of motion of bodies through water. There are at 
once, therefore, opened up whole fields of marine en- 
gineering on which an analysis of the problems of fluid 
flow will throw light. 

In illustration, the exact contour of the hull and shells 
of sea craft of all descriptions, including submarines, 
torpedoes, etc., cannot possibly be accurately determined 
without a thorough knowledge of the forces due to the 
interaction between the body and the fluid, while the 
magnitude and directions of these forces are determined 
entirely by the nature of the flow set up by the body in 
its neighborhood. 


‘i HE problem of the forces brought into play by the 


as 


Understanding of Medium First Essential 


Before coming to a detailed study of the disturbance 
set up by a body in its motion and the resistance expe- 
rienced, it is necessary to understand clearly the proper- 
ties of the medium, air, upon which the whole phenom- 
ena depend. Although for the moment we restrict our- 
selves to a gas, the parallel with a liquid—water in gen- 
eral—will be brought out shortly. 

It is an accepted fact that any volume of air is ulti- 
mately composed of an immense number of discrete 
molecules, flying about in all directions, each molecule 
possessing its own mass and velocity. By the impact of 
these molecules against the side of any vessel contain- 
ing it, or against the surface of any body immersed in 
the gas, a pressure is originated whose magnitude at any 
point may be measured by the change of momentum ex- 
perienced per second, perpendicular to the surface, by 


*Professor Levy is in charge of the wind-tunnel investigations for 
the National Physical Laboratory of Great Britain, which corre- 
sponds to the U. S. Bureau of Standards. 
of the best technical books on aviation. 
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the molecules impinging on unit area. That is to say, 
we may conceive the body as being a man bombarded on 
all sides, and at every point of him, by footballs, so that 
the pressure he will experience will depend on the change 
in velocity of these balls on the rebound. The pressure 
thus originated may be regarded as a static pressure 
which exists even when the body is at rest and is what 
is commonly recognized, in the case of a liquid, as the 
hydrostatic pressure. An extra complication arises, 
however, if the body be in motion, for the particles of 
gas impinging upon it will not otherwise come into 
being. 

In essence, the distinction between the two cases is 
equivalent to that which occurs where a football strikes 
a foot at rest, and where the football is deliberately 
kicked. The pressure on the foot in the latter case will 
in general be greater. On the surface of the moving 
body therefore an additional pressure—it may ever be 
a diminished pressure if the foot be moving away from 
the ball on impact—will be experienced at each point, 
frequently referred to as the dynamic pressure. 

Skin Friction 

If the effect of the body, however, were merely to 
cause a change in momentum perpendicular to the sur- 
face, many of the complications that arise in aerody- 
namic and hydrodynamic analysis would be removed, 
but an additional trouble arises due to the fact that at 
the surface of the body there is a distinct tractive effect, 
some of the molecules of the gas becoming involved in 
the molecules of the surface of the body, with the result 
that the latter continually drags in its neighborhood a 
layer of the gas it would otherwise throw off. There 
is originated as a consequence a surface dragging force 
recognized under the more common name of skin fric- 
tion. To this, however, we shall return shortly. 

Before it is possible to proceed further, it is neces- 
sary to extract from this exceedingly complex state of 
affairs the properties of the gas which can be recognized 
as vital for determining the phenomena. 

To trace out and sum up the effects of the impacts of 
the individual molecules, is clearly impossible. But this 
continual sweeping of the particles to and fro in all 
directions produces in the gas as a whole three dis- 
tinctive properties which if once postulated may be re- 
garded as defining the medium. The question will be 
approached by regarding the sum of the effects due to 
the rapid series of impacts really as an average effect. 

The particles at any instant enclosed in any smati 
region have each their’ own velocities, but there will, 
however, exist over the region an average velocity, 
average both in magnitude and direction. Each mole- 
cule possesses its own distinctive mass, but the total 
mass in a unit volume can be considered as the density 
of the gas at that point, and on this will depend the 
amount of momentum which can be communicated to it 
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by impact with the body, either directly or indirectly 
through the medium of other masses of gas. Density 
therefore is the first property we must lay down. 

The next property will depend on the nature of the 
force exerted by one layer of the moving gas on its 
neighbor. 

Suppose A and B be two adjacent layers of gas, both 
moving in the directions indicated by the arrows, the 
average velocity in A, however, being slightly greater 
than that in B. The molecules in A do not always re- 
main there, but flying about in all directions some of 
them will become inveigled in the layer B, while at the 
same time an equal mass from B will become inveigled 
in the layer A. The result of this is that A increases 
the momentum of B, while the latter tends to decrease 
the momentum of A. There is, in fact, along the sur- 
face between the two layers a rate of change of mo- 
mentum, or in other words the equivalent of a force. 
This applies to all regions of the gas in which there 
exists a variation of gradient and velocity, and this 
dragging force of the one layer on its neighbor is known 
as the force of viscosity. Viscosity, in fact, is the sec- 
ond and in many respects the most important property 
of the gas. 

There is one remaining property which concerns us. By 
the application of an external force to any volume of 
the gas—it may even be by the forces originated within 
itself by its own motion—the volume may be decreased 
or compressed. It is clear that if this should take place 
to any appreciable extent, not only will energy be used 
up in the compression, that is to say, not merely will the 
resistance of the body causing the compression be in- 
creased, but the actual nature of the air flow may be 
fundamentally altered. 

For the present purpose we need then to restrict our- 
selves only to these three principal properties: Air is 
dense; it is viscous; it is compressible. 





Effect of Compressibility 


Although, as far as the present discussion is con- 
cerned, air may be defined in terms of these three fac- 
tors, and these three only, they are not all equally im- 
portant in their effects on the resisting forces brought 
into play by the motion of a body in that medium. Ex- 
perimentally it has been found that the stress to be laid 
upon each of them is largely a question of the speed of 
the body. During the war a large amount of aero- 
dynamic analysis of this nature has been carried 
through, and one important fact in particular, recog- 
nized certainly to some extent before the war, has 
emerged. This is concerned with the extent to which 
compressibility affects the resistance. In Fig. 2 is 
shown a picture of the waves set up in air by the mo- 
tion of a bullet. This has been obtained by using the 
fact that the refractive index for air varies with den- 
sity, so that, as a consequence, if condensations or rare 
ee a 
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factions take place, these would show themselves on a 
photographic plate. 

From this photograph it appears that compressibility 
waves of this nature are brought into being by bodies 
such as projectiles moving at exceedingly high speeds, 
but at moderate speeds these waves do not become ap- 
parent. It is clear that each of these waves contains a 
certain amount of energy which is being transmitted 
through the air, and originates from the body in its 
motion. 

As a consequence, the resistance of the body would 
tend to increase at a much greater rate than it would 
otherwise do at those speeds at which these waves begin 
to make themselves evident. It would in fact appear 
that after a certain speed is attained, the effect of com- 
pressibility without which these waves could not orig- 
inate becomes a very vital factor in the resistance. 

If this critical speed lies anywhere in the region of 
the normal speed of flight for aircraft, compressibility 
is clearly a question which must be carefully scrutinized. 
If, however, as will be seen is the case, this critical 
speed is well above normal flight speed, no serious error 
may possibly be introduced by ignoring it, while the 
advantage of considerable simplification will be ob- 
tained. 


Analysis of Shell Motion Valuable 


Recent analysis of the motion of shells in gunnery has 
afforded just the evidence required, for here we have 
a body projected at an extraordinarily high speed and 
slowing down by the retardation of the atmosphere. If 
the resistance of the shell at each point of its path could 
be measured it could then at once be determined from a 
consideration of this resistance whether a critical speed 
of the type anticipated exists. 

The results obtained have afforded a startling justifi- 
cation of the theory. At first sight it appears an ex- 
tremely difficult problem to determine the resistance of 
a projectile varying as it does from point to point, but 
a simple analysis of the following nature gives accurate 
enough results. Shells of the same type are projected 
at the same initial velocity and elevation, passing all 
approximately along the same trajectory. 

By altering the fuse setting the shells may be made 
to burst successively at different points of the path and 
the times taken between firing and bursting. From 
these the trajectory may be drawn and the time of ar- 
rival of the shell at each point marked upon it. It is 
then no difficult matter to obtain by graphical means 
the speed and deceleration of the shell at each point. 
The resisting force on the body is then easily estimated 
from the deceleration by the usual application of New- 
ton’s laws of motion. A chart can then be constructed 
showing the variation in resistance of the shell for the 
large range of speeds passed through in its motion, viz., 
approximately 2200 feet per second to 300 feet per 

second. 
To illustrate the law of re- 
sistance and its dependence on 
| speed, however, it is not neces- 
sary or even most instructive to 
plot resistance as ordinate. Nu- 








Ry,2 merous experiments have shown 
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Vf ree P te flight approximately proportion- 
! a ae al to the square of th d 

500 1000 * 1500 2000 yee [ee 

hi. and the divergence from this 


Fig. 1—Diagram to il- 
lustrate air viscosity 


Fig. 2—Waves set up in 
air by motion of bullets 


Fig. 3—Change of air re- 
sistance with air speed 


law can best be seen, not by 
plotting resistance against ve- 
locity, giving a curve approxi- 
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mately parabolic, but rather resistance divided up by the 
square of the velocity giving approximately a straight 
horizontal line. 

In the case under discussion therefore the most in- 
structive manner of representation will be by plotting 
R/V’ against V, where R = resistance and V = velocity. 
The chart obtained for the case of the projectile is then 
that shown in Fig. 3. 

An examination of this curve indicates a rather re- 
markable phenomenon. It shows that up to speeds 
somewhat below the velocity of sound in air, up to say 
500 ft. per second, the resistance is practically propor- 
tional to the square root of the velocity. In the region 
of the velocity of sound, resistance increases with great 
rapidity, evidently according to some much higher 
power than the square, and then, well above this critical 
speed, it tends to revert once more to the square law, 
although at a higher consant of proportionality than 
previously. This remarkable result fits in quite con- 
sistently with the considerations previously brought for- 
ward. 

Well below the velocity of sound the body in its motion 
expends very little energy in the production of com- 
pression or sound waves. The resistance is almost en- 
tirely due to viscous forces. As it approaches the speed 
of sound, waves commence to be produced, traveling off 
ahead of the body at approximately 1100 ft. per second. 
When the body moves itself at this speed it rides on the 
crest of the waves, which it itself produces, while above 
this speed it cuts into undisturbed air, leaving its waves 
behind. 

Incidentally, an interesting conclusion in gunnery 
may be at once deduced. For a body such as a shell or 
projectile which cleaves its way through the air at a 
speed well in excess of that of sound, a sharp pointed 
and tapering nose will clearly be most efficient, since by 
this means the energy lost in cutting through the me- 
dium would be reduced to a minimum, while the effect 
of the rear part of the shell must of necessity be of 
minor importance, since at these high speeds of flight 
where there is practically a vacuum behind the shell, 
the contour in that region cannot affect the nature ot 
the air flow to any considerable extent. 

From the point of view of the present discussion, 
however, where we are concerned with investigating the 
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Figs. 5 and 6—Plan and elevation of water channel for 
experimental determination of lines of flow 


Fig. 4—Eddies pro- 
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properties of air that are of importance in affecting the 
resistance at normal speeds of flight, an extremely im- 
portant deduction follows from the foregoing conclu- 
sions, viz., that the property of compressibility upon 
which the production of sound waves depends may at 
normal speeds be completely ignored, and we are ac- 
cordingly left with the simple fact that the whole prob- 
lem for us depends purely on the density and the vis- 
cosity. 

This conclusion immediately opens up to us an experi- 
mental method of handling these problems where other- 
wise grave difficulties would be experienced. To study 
the flow of air in the vicinity of a moving body, to de- 
termine where and how the eddying motion is produced 
and its effect on the resistance is extremely difficult in 
the case of air on account of its invisibility. But since, 
as has been shown, only density and viscosity are the 
important factors, while the air may be regarded as in- 
compressible, we may have recourse to any other fluid 
which is dense, viscous and practically incompressible, 
provided the motion set up may be rendered visible and 
the exact law of comparison, the conditions under which 
deductions from the fluid to the air is clearly under- 
stood. 

A substance satisfying these requirements is water, 
which is both dense and viscous and to all practical pur- 
poses incompressible. By a method shortly to be de- 
scribed it will be seen that the motion of the individual 
particles may be quite easiiy followed. 

Consider what takes place in the neighborhood of a 
flat plate A B, Fig. 4, placed perpendicular to the direc- 
tion of the streaming, whether of air or of water, E D 
being a wall. Such a case occurs, for example, with the 
wind screen of an automobile in motion, the blade of 
an oar moving in water, or the passage of a wind past 
a billboard or building. 

Along A B the fluid is retarded in its motion, the 
stream line A C which just misses the edge would nor- 
mally, in virtue of the inertia of the motion, be shot off 
along the direction of A C’. The particles of the fluid, 
however, in virtue of the retardation and viscous forces 
of the layers in their immediate neighborhood are re- 
duced in motion and compelled to move along a path of 
smaller radius of curvature. 

Similar causes continuously operating drag the par- 
ticles further and further inwards, so that just beyond 
the edge a form of eddy or whirlpool is produced. It is 
a familiar enough experience to feel the back draught 
of this eddy on the rear seat of an omnibus or to pro- 
duce the actual whirlpool as dimples on the surface of 
tea by gently drawing the tea spoon through the fluid. 

Much of the dust raising due to the motion of a motor 
car along a road is undoubtedly caused by the particles 
of dust on the surface of the road being caught in these 
whirlpools as they are produced behind the car in its 
motion. Improvements in connection with these diffi- 
culties could undoubtedly be secured by simple modifica- 
tions in designs, so arranged as to reduce this eddying 
to a minimum. Before this can be achieved, however, 
an accurate study of the conditions under which eddying 
is produced must be made. 

The experimental method of analyzing the process 
that takes place during the flow past a body is exceed- 
ingly simple and interesting. An accurate study of the 
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problem demands a knowledge not merely of the lines 
of flow or stream lines past the body, but a measure- 
ment of the speed of the fluid at each point. This is 
necessary for numerous reasons but principally because 
from a knowledge of the distribution in velocity can be 
determined which regions of the fluid and which por- 
tions of the body are chiefly responsible for the dissipa- 
tion of energy in the fluid and, therefore, for the pro- 
duction of resistance. 

The experiment is conducted in a water channel 41% 
in. wide by 6 in. deep approximately and about 3 or 4 
ft. long, fed continuously by water at a head sufficient 
to maintain the speed at about 1 in. per sec. For ac- 
curate work it is extremely important to keep either the 
speed or the dimensions low; in fact, to keep the prod- 
uct of the speed and breadth small, since when this 
quantity attains above a certain value it is impossible 
to obtain steady flow in the channel. This is consistent 





Fig. 4a—Flow of fluid past barriers 


with the general statement that for all problems of fiow 
past bodies there is a critical value of vl, where 

v = speed of the body, 

l= length of body, 
above which the flow passes from one of uniform stream- 
ing to violent tubulence. This is equally true whether it 
be the flow through a pipe or channel or the streaming 
past an obstacle, but the corresponding value of vl will 
be different in each case. It can be shown, in fact, to 
depend only on the shape of the body concerned. In the 
present instance where it is necessary to study the flow 
past the body, and as far as possible to eliminate the 
effect of the walls of the channel, it is exceedingly 1m- 
portant to keep the value of vl sufficiently low to be 
well below the critical for the channel itself. A vougn 
indication of the principal features can be seen from 
the diagram, Figs. 5 and 6. 


Details of Experiment 


The light from the arc lights is projected by means 
of the cylindrical lenses as long, narrow beams onto 
the glass sides of the channel. This glass is black- 
ened except for a narrow horizontal slit so that only a 
very narrow layer of the fluid in the channel in the 
neighborhood of the.model gets illuminated, while by 
means of the double pendulum this light may be 
cut off periodically at intervals of, say, one-half second. 
To render the motion of the fluid particles visible a 
mixture of xylol and carbon tetrachloride in certain 
proportions gives a fluid which is of the same density 
as water so that it floats, but forms spherical drops in 
it like oil. The very small particles of this oil which 
are allowed to float along the channel past the model are 








Fig. 7—Diagram drawn from photograph showing lines 
of flow past thin plate 


produced by means of a simple form of atomizer, whose 
position in and relation to the water channel is obvious 
from Fig. 5. 

The very small globules of oil produced at the atomizer 
A float down the channel, and those which. lie within the 
thin layer of fluid illuminated by the arc lamps are vis- 
ible from above as a series of brilliant points of light, 
alternately appearing and disappearing for intervals 
of one-half second as the light is shut off by the double 
pendulum. 

Under these circumstances a loaded camera placed as 
in the diagram vertically above the region of the model, 
and focussed on the illuminated plane in the fluid, will 
take an image of the system of stream lines and provide 
the speed of each point, for each brilliant point of light 
will appear on the photographic plate as a series of 
dashes along the path it traced out in its motion, each 
dash being proportioned in length to the distance trav- 
ersed in the half seconds during which the field was 
illuminated. The 
lengths of these 
dashes are there- 
fore proportional 
to the speed of the 
fluid at the mid- 
point of the dash. 
Such a_ photo- 
graph of a simple 
nature is that 
shown in Fig. 7, 
representing the 
flow past a thin 
plate. 

An analysis of | 
the flow of liquids | SHED ) 
along these lines Rid 
has thrown a con- | — 
siderable amount 
of light on the 
conditions under 
which eddying or- 
iginates, and on 
the relation be- 
tween resistance 
and eddying. It 
has become appar- 
ent, for example, 
that for a body of 
given shape at a 
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particular value 
of v X I, violent 
eddying origi- 





nates in the rear 
of the body. If the 
nose of the body 
be nicely rounded 
with a tapering 
tail the eddying 
or turbulent re- 
gion becomes con- 
fined to a narrow 
region in the 
wake; the nar- 





Fig. 8—lIllustrating effect of air 
eddies on dirigible while entering 
hangar 


Fig. 9—Arrangement of screen for 
hangar designed to prevent dirig- 
ible being pumped against ground 
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rower this wake the smaller the resistance. For example, 
the resistance of a wire or circular rod can be diminished 
to almost one-sixth of its value by fixing a fairing piece 
to the rear, the presence of this additional piece facilitat- 
ing the smooth flow of the air. This principle is utilized 
in the design of aircraft to a very great extent, even to 
minute details. Struts, body, wires, and even nuts, are all 
smoothed and tapered off to reduce the parasitic resist- 
ance to a minimum. 

But it is not merely in its effect on resistance that 
eddying is of such importance. The problem of housing 
airships, bringing them into and removing them from 
their sheds has raised many difficult problems. A gust 
of wind eddying over the edge of the airship shed may 
circulate in the region of the ship, buffet it about and 
dash it into the ground. In the early days of the war 
difficulties of this nature caused much worry and anx- 
iety, but experimental analysis of the flow of air in the 
neighborhood of airship sheds and screens served to 
throw considerable light on the problem at issue. Smoke 
issuing from thin pipes, small balloons attached to 
strings, and, when dealing with wind channel tests on 
models, small pieces of cotton wool attached to the ends 
of silk threads were all used to show the direction of 
air-streaming, where and how the eddying, turbulence 
and circulation arose. 

The annexed diagram, Figs. 8 and 9, gives a rough 
plan of the shed and simple screen, with the airship 
half out of the shed. There are in general three cen- 
ters of violent turbulence. A form of whirlpool is 
thrown off from the vertical edge of the screen, in- 
flicting by the back draught a heavy blow on the tail of 
the ship, driving it into the screen. Superposed on this, 
but not nearly so violent, is the eddy formed at the 
vertical edge P of the shed. Both these centers of dis- 
turbance have the effect of driving the tail toward the 
screen. But a much more insidious eddy is formed 
than either of these two. The top horizontal edge of 
the screen, acting as an eddy-forming center—an eddy 
with horizontal axis C C C—gives rise to a violent down 
draught on the top of the airship, tending to drive the 
tail into the ground. For practical purposes an upward 
force would not have serious drawbacks, as it could be 
counterbalanced by dragging ropes, but a downward 
pressure cannot be directly warded against. To counter- 
balance this, the lower edge of the screen is not al- 
lowed to reach the ground, but about 6 ft. of clear 
space is allowed to permit the wind to enter below the 
ship and exert an upward pressure. Fig. 8 gives an in- 
dication of the nature of the air flow resulting. 

Although all the evils caused by these eddying centers 
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Eddies produced by motion of automobile 


cannot be avoided, by a suitable adjustment of the 
screen with reference to the prevailing winds, suitable 
fixing of heights and spacings, their effects may be con- 
siderably mitigated. The diagrams given indicate that 
the prevailing wind is at right angles to the direction 
of the screens. As the vertical edge of the screen is 
turned in a clockwise direction, the center of turbulence 
moves farther and farther off, until when the vertical edge 
has been turned through about 50 deg., the effect is al- 
most inappreciable. As far as the present discussion is 
concerned, it is sufficient to note that by an analysis ot 
the type of flow and the principal factors affecting it, the 
nature of the forces brought into play may be predicted 
and to a considerable extent safeguards taken. 

From the general considerations outlined above and 
illustrated, a fairly accurate picture may be drawn of 
the nature of the air flow in the neighborhood of a body 
of almost any given shape—experiments analyzing the 
flow of air past the projecting portions of an automobile 
and the forces on the component parts measured with a 
view of determining whether reductions in resistance 
can be secured by suitable modification. Roughly, the 
nature of the flow is of the type shown in Fig. 10. 

Several points at once become apparent. The eddy- 
ing of a violent nature behind the body of the car, 
coupled with the eddying behind the wheels, will tend to 
pick up the dust in whirlpools. A more streamline 
overall shape would undoubtedly help to diminish this. 
The presence of sharp projections, as cited, like- 
wise contribute to the parasitic resistance. Two cars 
fitted with different bodies and tested for resistance 
showed that at a speed of 30 miles per hour nearly 1 hp. 
could be saved by simple body considerations alone, 
while the mudguards, to which generally no attention 
is paid with a view to diminishing their parasitic re- 
sistance, are responsible for fully half the total air 
resistance of the complete car. 


Commercial Aviation in Australia 


LREADY there are in existence in Australia three com- 

panies formed for the expressed purpose of engaging in 
commercial aviation. They are probably only the first swal- 
lows of the aeronautical summer that is about to burst upon 
us, for legally, as far as aviation is concerned, this continent 
is still under the shadow of the War Precautions Act. 

So, as already prognosticated in these pages, civil and 
commercial aviation is upon us before Australia is ready for 
it. In the case of every one of these companies, it looks as 
though the money of the shareholders will have to be spent 
on work that should long ago have been done by the Govern- 
ment. 

If a company proposed to start a motor service between 
Sydney and Manly, it does not expect to have to survey a 
road, build bridges or inaugurate a punt service at the Spit. 
Both our Governments—National and State—knew that 
commercial aviation was most assuredly coming. Also, they 
both knew that the war would end some day, and that if it 


ended in our favour there would be some hundreds of first- 
class, war-trained aviators returning to this country. 

They owed it to themselves and the country to see that 
Australia should have the benefit of that splendid material. 

However, nothing has been done. 

Fortunately this is a business in which it is never too late 
to mend. There is nothing to prevent the Australian or the 
various State Governments starting a hurry-up movement 
in connection with aviation. In fact, they simply have to get 
the proverbial move on. Aviation is like every other great 
world movement, and will wait for no Government. It is here. 
If the Goverment isn’t ready to meet it, so much the worse 
for the Government, and those whom the Government repre- 
sent. It is as impossible, once peace is declared, to prevent 
the Australian people taking to the air as it was to prevent 
them taking to the surf some decade and a half ago. They’ll 
do it, for a certainty. From The Motor in Australia. 
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Farm Tractor Design 


A Mathematical Discussion of Some of the Problems That Must Be Solved, 
Together with Tabulated Data on Power Requirements, 
Soil Packing and Other Items 


By Joseph Jandasek, M.E., E.E. 


GREAT deal of matter has been written about 
A itarm tractors, but most of it deals with the sub- 
ject in a popular way. Such articles, while useful 
in their proper sphere, are of little value to a practical 
tractor designer. The tractor has already passed its 
period of invention and is now a manufacturing object, 
therefore, the cut and try methods by which most of the 
machines have been built in the past will no longer do. To 
turn out a good product, the design and development of 
a liew machine must be placed in the hands of an experi- 
enced engineer who is thoroughly posted on the subject 
from the theoretical as well as the practical point of 
view. It cannot be emphasized too strongly that theory 
and practice must always go hand in hand and support 
each other, if we want to obtain the best results. Among 
our technical men there is a strong prejudice against the 
mathematical theory of machines, and many a first-class 
engineer, dreading the reputation of an over-technical 
theorist, rather adopts an inferior but more conventional 
method of design. This attitude, however, is bound to 
change gradually, to the benefit of our industries in 
general. 
Tractors will be needed in almost every part of the 
world. Our tractor manufacturers have at present ex- 
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ceptional opportunities to secure a good foothoid on 
foreign markets, if they only offer the right product, i.e., 
a product built on principles of quality and service. We 
must not forget that the foreign maker also is devoting 
his attention to the tractor. We know that he is making 
a very thorough investigation of the results that we have 
already obtained, and there is no doubt that he is going 
to make use of our experience and build on the basis that 
we have established. If we do not look out, he may even- 
tually reach a higher plane of development than we. 

To retain our supremacy in the tractor industry we 
have to put our research work on a more scientific basis. 
The world war proved unquestionably how much real sci- 
entific research work is worth to a nation. No matter 
how perfect a product seems to be, there is always room 
for improvement, and as long as the tractor is still far 
from a state of perfection there is much room for im- 
provement. Most of the larger manufacturers have their 
experimental departments, but they are still very often 
conducted on the old cut-and-try principle. If the re- 
search work were carried on in the right manner and by 
men properly fitted for the task, it would be of great 
value for the concern in particular and for the whole 
tractor industry in general. 

Before starting the design of a new machine the de- 
signer should get thoroughly acquainted with the status 
of the art, study carefully the existing machines and 
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familiarize himself with the latest trends in tractor de- 
sign. 

We may divide motor propelled farm vehicles into three 
distinct classes: 

1. Motor plows, i.e., tractors carrying plows under 
them. This type of tractor is not very popular, because 
placing the plows under the machine makes the latter 
very high, heavy and clumsy, and the plows are not 
readily accessible for cleaning and other purposes. 

2. Plain tractors, which can be used for plowing, har- 
vesting, planting, belt work, road hauling, etc. This is 
the most popular and within certain size limits the most 
economical machine for use on the farm at present; it 
is also the best manufacturing proposition in the tractor 
field. 

3. Motor cultivator and garden tractor. These ma- 
chines are the youngest members of the tractor family, 
and, at present, in their first stage of development. How- 
ever, there are great possibilities for the future along 
these lines. 

Having decided what kind of machine to build, we must 
next determine its capacity or size. 

In the plain tractor class the most useful machine for 
the average farmer is a three-plow outfit, though it seems 
that the two-plow tractor is destined to be the favorite 
and the biggest seller. Practical tests have proved that 
a three-plow machine is superior to a two-plow, be- 
cause it can run also a small grain separator and is more 
economical as to fuel consumption. With a three-plow 
machine one man can accomplish 50 per cent more work 
than with a two-plow outfit of the same speed. In brief, 
a three-plow tractor works more economically. For large 
farms, of course, a four-plow tractor is still more suitable 
than the three-plow, and there will always be a reason- 
able demand for machines of the larger sizes. 

The weight of the tractor should be reduced as much 
as practical to prevent miring in soft ground and packing 
of the soil. At the same time we must, however, pro- 
vide for sufficient strength of parts to prevent breakage 
and keep the unit stresses below those of automobile and 
motor truck practice. 

All working parts must be enclosed so as to be pro- 
tected against dust and weather, yet readily accessible 
for repairs and adjustments. They must be constructed 
so as to be capable of working at full load for long peri- 
cds and under all weather conditions, and require mini- 
mum attention. The lubrication should be automatic, 
and an effective cooling system should be provided. The 
material and workmanship must be first class throughout. 
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Wherever the designer has a choice between two or more 
equally good constructions he should use the one which 
will require the least attention from the farmer. 

What kind of driving members shall we select? Wheels 
seem to be the most logical, and the wheeled tractor will 
always have the widest market, because of the simplicity, 
reliability, endurance, small weight and low price of the 
wheels. Where, however, the tractor is intended for 
softer grounds we have to choose the crawler. A drum is 
not nearly as practical as wheels or as the crawler and 
therefore will not be considered here. 

The four-wheel-drive tractor is naturally superior to a 
two-wheel-driven one when regarded solely from the trac- 
tion point of view, vet, 90 per cent of the farmers can 
secure a sufficient amount of traction from a two-wheel- 
drive machine, and it would, therefore, be only an un- 
necessary outlay of money for them to buy the more 
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costly four-wheel-drive tractor. Of course, when the 
territory is very hilly the four-wheel-drive tractor or 
the tracklayer type can be recommended, even if the 
original cost be higher. The two-wheel-drive tractor 
should have its two driving members located at the rear. 
This type possesses the greatest stability and the high- 
est weight economy. When there is only one wheel in the 
rear, the machine is apt to tip over when pulling heavily, 
especially rounding corners or on side hills, because the 
more this machine pulls the lower is its stability. (See 
Fig. 1.) On the contrary, with two wheels in the rear, 
the more the machine pulls the greater is its stability 
(see Fig. 2). The driving members should be located at 
the rear because with that arrangement the heavier the 
pull the greater the weight resting on the drivers. 

The front-wheel-drive type does not have as good 
weight efficiency as the rear-wheel drive; still, it may be 
considered for machines of smaller capacity. For certain 
special kinds of tractor, front-wheel drive is even of ad- 
vantage, as, for instance, two-wheel tractors so designed 
that the operator may sit on the implement; also ma- 
chines intended for crossing ditches, mudholes, etc. 

A single driving member in the rear is a recognized 
failure because of its poor stability (see Fig. 1) and is 
rapidly disappearing from the market. 

Two front wheels for steering are unquestionably bet- 
ter than one, because a single front wheel located on one 
side introduces difficulties in steering in soft ground or 
on side hills. When placed in the center, the forward end 
of the tractor must stand also all the bumps and shocks 
of a worn-out country road. Therefore, three-wheel trac- 
tors are constantly locsing ground and in the future will 
probably be discarded entirely. 


Transmission Should Be Straight Gear Drive 


The transmission of a modern tractor should be a 
straight gear drive, all enclosed and running in a bath of 
oil, and a responsible tractor designer endeavoring to turn 
out a quality product will not decide for anything else. 
Not a single gear must be left exposed, no friction drive 
or open chain drive can be considered. Spur gears are 
to be used wherever the construction permits, because 
they are the most reliable and can stand the most abuse. 
Bevel gears are entirely satisfactory when correctly pro- 
portioned, though they are more sensitive than spur gears 
and require more attention. Worm gears cannot stand 
much abuse and require good and positive lubrication. 
How far this type of gearing will be practical for farm 
tractors remains to be decided. The use of the worm 
gear directly on a live rear axle does not seem to be very 
reliable, on account of the enormous tooth pressure re- 
sulting from the great gear reduction used on tractors. 
Consequently, the worm gears heat highly even when 
eareful lubrication is provided. Nevertheless, some 
tractor makers are giving this type of gearing a trial and, 
for small and low powered machines, it may prove satis- 
factory. 


Anti-Friction Bearings 


As to bearings, the anti-friction types are the only ones 
to be considered, as they are most efficient, require little 
attention and, if well proportioned, run almost indefinitely 
without appreciable wear. The accompanying illustra- 
tion (Fig. 3) represents a typical anti-friction transmis- 
sion. 

The longitudinal weight distribution is of paramount 
importance in the design of a tractor and will receive due 
attention in another part of this article. For the present 
it will suffice to point out that the more powerful the en- 
gine, the larger the gear reduction, the greater the height 
of drawbar and the greater the rolling resistance, the 





greater should be the proportion of the weight on the 
front wheels, in order to prevent tipping over of the ma- 
chine when pulling heavily or while on steep hills. The 
center of gravity should be as low as possible so as to 
insure perfect lateral stability, while still leaving enough 
clearance. 


Preliminary Calculations 


After we have decided on the type and size of the ma- 
chine to be built, the next thing is to find the necessary 
amount of pull and power. 

The required drawbar pull is usually determined from 
the number of plows the tractor has to pull. It is usually 
considered that 700 lb. of drawbar pull is sufficient to pull 
one 14-in. plow in Middle West soils; but we must allow 
one-third more as a reserve for hard and tough places, 
which makes a total of 935 lbs. In other words, we need 
in the Midle West about 1000 lb. and in Eastern States 
about 1200 lb. of drawbar pull for every 14 in. bottom at 
plowing speed, provided that the tractor is equipped with 
a low speed for 2mergency, which low speed should be 
about two-thirds of the plowing speed in order to develop 
50 per cent more pull. In case the plowing speed is at 
the same time the lowest speed, the necessary maximum 
drawbar pull should amount to 50 per cent more, i. e., 
up to 1500-1600 lb. for every plow to be guaranteed at 
this speed. This means the actual maximum pull and 
not the rated maximum pull, which should be only 80 per 
cent of the maximum pull. The average pull in |b. re- 


quired in different soils for one 14-in. bottom, plowing 6 
in. deep, is about as follows: 
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Clay 


400-500 lb. Sod .........1000-1500 Ib. 
600-790 lb. Gumbo ...... 1500-1800 lb. 


The drawbar pull- needed for other implements runs 
about as given in the table below: 


EE ee ee ee ee 800-1000 Ib. 
ES eo cks hg wise awn ge 400- 800 lb. 
ee ere rere 800- 906 Ib. 
a ere ey ae ee ee 800 lb. 
BOD WW DOTTIE ong oo cic ke eee eeceweees 690 Ib. 
OQne-row cultivator ......cccccccccccccccccces 400 lb. 
DE csceedsdtdcabcenevabeoeeswes ewe 400 lb. 


Weight 


The total weight of a tractor should be in a definite 
proportion to the drawbar pull. We may say that under 
average soil and weather conditions the machine will 
pull about 80 per cent of its total weight. But since the 
rated maximum pull should be only 80 per cent of the 
actual maximum pull, the actual maximum pull at plow- 
ing speed may be equal to the total weight of the ma- 
chine. The emergency pull at low speed may be up to 50 
per cent greater. This maximum pull is available only 
for momentary use, as it would result in great slippage 
and loss of power-when used for continuous operation. 
The above may be put into formule as follows: 


P, = W lb. (on level soil for rear wheel drive) 
P; = 1.5 W bb. 


where P, = Max. pull at plowing speed. 
P; = Max. pull at low speed. 
W = Total weight of tractor. 


In taking the total weight of the tractor for W in our 
calculations we are making a slight error, as it is only 
the weight on the drivers at the heaviest pull that really 
counts. This is permissible, however, as with the rear 
wheel drive the weight left on the front wheels at maxi- 
mum pull does not amount to much. 


Rolling Resistance 


The pull required to propel a vehicle on the level is 
equal to about 15 per cent of its weight in stubble plow- 
ing and up to about 25 per cent on soft soils. For light 
two-plow outfits with comparatively long and sharp sp»de 
lugs it amounts to about 20 per cent, while with track- 
luyers it is only about 12 per cent. 


t = 0.15 lb. per lb. for stubble fields............... (3) 

t = 0.25 lb. per lb. for soft or recently plowed soils. (4) 

t = is the traction effort or ground resistance in lb. 
per lb. of total tractor weight. 


To simplify matters, in the following calculation t wilt? 
be assumed to be a constant, while actually it varies with 
the size of wheels. 

For grade resistance, i. e., the amount of pull necessary 
to propel a vehicle up a hill of a certain grade, it seems 
safe to take: 

g = 0.10 to 0.15 lb. per pound of weight............ (5) 
provided the tractor is designed for fairly level countries. 


Speed 


The proper emergency speed is about 134 to 214 m.p.h. 
The plowing speed can range from 21% up to 3% m.p.h. 
The tendency to-day is naturally toward higher speed in 
plowing, which is proving successful in districts with 
light soils, but is impracticable in stony fields. The pro- 
posed standard plowing speed of 2 1-3 m.p.h. is altogether 
too low for a modern machine. The actual speed is from 
5 to 15 per cent lower on account of the constant slippage 
of the driving members. The high speed or road speed 
can be taken at from 3% to 8 m.p.h. according to the 
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weight, size and spring mounting of the tractor. There 
is no demand for more than three forward speeds; how- 
ever, less than three speeds results in cutting down the 
efficiency of the tractor. 


Horsepower 


After we have decided on the speed and drawbar pull 
of our machine we can calculate the drawbar horsepower. 
Then, estimating the ground and grade resistance and 
transmission efficiency, we obtain the brake horsepower 
of the tractor. The formule for these calculations are: 





P. 
DHP = 375 - Sp, drawbar horsepower .............. (6) 
P,+(é¢+g9)W 
BHP = — “375 EB, 9? brake horsepowers ..... (7) 


where FE; = Mechanical -efficiency of transmission. 
S, = plowing speed in m.p.h. 
(t-++ g) = ground and grade resistance in lb. per 1 lb. 
of weight. 
For a quick calculation of the available drawbar horse- 
power we can develop an easy formula by substituting in 
equation (7) as follows: 


W = P, for light and high-powered tractors 


{+g = 0.25 
EB: — 0.84 
P, S;f1- —. A all 
BHP = 975 0.84 (3 gearsets) 
SE ei bag 5-0 aernigce ae oe ee ee he Re (8) 
2 : 
DHP = 3 BHP (for light, high-grade machine)..... (9) 


We can still further simplify the calculation of the pull 
P at 214 m.p.h. since one horsepower is equal to 150 Ib. 
pull at this speed; hence, 


P 2 
DHP = 750 "3 BHP, 
and, finally, 
ee i a ee (10) 


That is, each brake horsepower is developing about 
100 lb. of pull at 215 m.p.h., on modern, light high-grade 
tractors. 


Piston Speed 


Tractor engines work about 80 per cent of the time at 
full load. Therefore, the unit stresses and pressures 
must be kept lower and the piston speed mustn’t be as 
high as on automobiles or motor trucks, in order to pre- 

. vent too rapid wear and other troubles. Also, the cooling 
system must be very effective. A normal piston speed of 
900 ft.p.m. has proved very practical and is widely used, 
and it is not advisable to-go much above this, especially 
not with the present four-cylinder engines. The formule 
for determining piston speed or r.p.m. are: 





V>, 
vaS-y Ns orn h td ree eee bk (11) 
LN 
V> 5 ee eee (12) 
» 
and that the ratio between stroke and bore is: 
ae ee OP Be Oe ck vee eka eerwaweds (13) 
in which N = r.p.m. 
V, = piston speed in ft.p.m. 
L = length of stroke in in. 


In the table below are indicated the r.p.m. correspond- 
ing to a piston speed of 900 ft.p.m. for different lengths 
of stroke: 


Stroke, Speed, Stroke Speed, Stroke Speed, 
in. r.p.m. in. r.p.m. in. r.p.m 
Wes iterate 1350 Buetehecacateseca 1029 Soe 831 
> ee 1271 Seer 982 ae 800 
| re 940 A ciara eg waenebers 771 
tr i, eae 500 (6) eee 745 


ee ee Becccvcvcece 

















June 12, 1919 


THE 








When determining the necessary BHP of a tractor we 
have to take the belt work into consideration: 

e Belt HP = E, BHP 

Where E, is the efficiency of the gearset between the 
pulley and engine, if any. 

The most important belt work is threshing, which at 
the same time is very hard on the engine. The horse- 
powers needed for threshing vary a good deal with the 
quality of the grain to be threshed. There is no general 
formula, but we can use the following table for determin- 
ing the belt horsepowers required for different sizes of 
grain separators: 


Width of cylinder Required belt horsepower 


| ere Pe er ee eee 22 hp. 
MGS ar dink sc eee tea erereaeeceiel 24 hp. 
6s kX scale w ens weber a 30 hp. 
RR asc esd ward os enw ttle a 34 hp. 
BME i nica aoe gears wae 36 hp. 
MME hice achie ee eeee areas 45 hp. 
IE Ac as oh ns es a ack we 60 hp. 


.From the above table it will be seen that a tractor 
equipped with an engine under 30 hp. has only a limited 
belt work capacity and can be used only on small size 
farms or where there is another, larger source of power 
available for threshing. 

Other machines, such as corn shellers, hay presses, feed 
grinders, ensilage cutters, etc., require usually from 8 up 
to 30 belt horsepower. 

Assuming the standard belt speed of 2600 ft.p.m., we 
obtain for the diameter of pulleys 

10,000 


= n, —in. (appr.) 





where 7, is the r.p.m. of the pulley. 
Widths of pulleys may be made as follows: 
614 in. for machines of 16-20 BHP 
714 in. for machines of 20-30 BHP 
814 in. for machines of 30-40 BHP 
914, in. for machines of 40-60 BHP 
For calculating the horsepower of belts and pulleys we 
ean use the following formule: 








dw Nn, : : 

Belt HP = R60 for a pulley with a single belt 
lw : 

Belt HP = et for a pulley with double belt 

1720 

ws ; 

Bet HP = 900 for single belt 

Belt HP = ao for double belt 


where w is the width of the belt in in. and s the belt speed 
in feet per minute. 


Engine Dimensions 


Assuming that the mean effective brake pressure with 
modern four-cycle gasoline engines equals 80 lb. per sq. 
in., we obtain for the calculation of the brake horsepower 





BPLN 
BHP — ~ 72600 TT eT eC a eeee S (20) 
NC 
ere ee eT (21 
BHP — 72600 4 (21) 
7854 B’ p Vp 
SR eee 22 
BHP 33000 (22) 


in which B is the cylinder bore in in.; p, the brake mean 
effective pressure in lb. per sq. in., and c the piston dis- 
placement in cu. in. 

If we want to be more conservative and take the brake 
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mean effective pressure at 72 lb., we have the well-known 
formula: 
BLN 
wie 
for 4-cylinder 4-cycle gasoline engines. 
For determining the torque we can use 





ee A ee (24) 
or . 
T = — (25) 


Substituting 900 ft.p.m. for V, and 80 lb. for p in 
equation (22) we obtain for the brake horsepower 


ey Oe ee Siienaiad eedws eaewcans sais (26) 
and for the diameter of the bore we get 
ee kx eo ev eased bawwneeen (27) 


In the following table are given brake horsepowers of 
4-cylinder engines of different bores when the mean effec- 
tive brake pressure equals 80 lb. per sq. in. and the piston 
speed 900 ft.p.m. 


B in in. BHP B in in. BHP 
314 21.0 4% 34.6 
334 24.0 43), 38.6 
4 27.3 5 42.6 
414 31.0 514 47.0 


If we assume that when kerosene is used as fuel there 
is a loss of 15 per cent in the horsepower of the engine, 
the above formule (26) and (27) become 


BHP = 1.45 B ...eccccccnccesssececces (28) 
ED Sirs bo eee e Kaneda oe (29) 


for 4-cylinder 4-cycle kerosene engines. 

As to the kerosene burning problem, it is the writer’s 
opinion that any attempt to solve it by designing kero- 
sene carbureters, manifolds, etc., is absolutely hopeless, 
because there are too many undeterminable factors regu- 
lating the vaporization of the fuel and the combustion 
of the mixture, viz., the quality of the kerosene used, tem- 
perature, heat conductivity, horsepower capacity, r.p.m., 
volume and velocity of mixture, shape of cylinder head 
and manifold, time, compression, etc. The only simple 
solution is to atomize the fuel positively by injecting it 
into the cylinder at the moment of combustion, so that 
there can be no recondensation. In this way all the spark 
plug, magneto and carbureter trouble would be elim- 
inated. From my personal observation and experience 
with motors of the injection type, I can say that the 
Diesel engine is the most perfect and most reliable. How- 
ever, being too complicated and too heavy, it does not 
seem suitable—at least, not in its present form—for pro- 
pelling vehicles. The Brons motor (very similar to the 
Hvid) is reliable and very simple, though not as clean 
working and not as economical as the Diesel. As an 
engine for vehicle propulsion the Brons motor has, how- 
ever, also a drawback. There is a slight irregularity in 
the timing of the explosion and it is impossible to regu- 
late same. Direct liquid injection would be ideal provided 
that we could insure sufficiently fine spraying of the fuel. 
With all injection type engines the main problem is to 
regulate the minute amount of fuel necessary for each 
explosion. - 


Gear Ratio 


The gear ratio of a tractor is 


r 
j 


PG i atacand oudeanbene eae abaeee (30) 
n 


where vn is the r.p m. of the driving wheels, which can be 
determined as follows: 
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x Dn <x 60 





Peri als = iles p. h., 
eripheral speed of wheel 12 3c 5280 miles p. h 
and this is equal to the tractor speed S; hence 
Dn 
S = —— mi Ca iheaiaranat ds bane eeanie see 31 
336 miles p. h (31) 
s2 336 (32) 
vo - a kta knee ceases é 


where D is the diameter of the driving wheels in in. 

Substituting in equation (30) for ” the value found in 
equation (32) and for N the value of equation (11) we 
obtain: 


G = 16.1 = 


This is the gear ratio required for a tractor if the pis- 
ton speed is 900 ft.p.m. For a tractor speed of 24% m.p.h. 
(a good speed for hard plowing) this simplifies to 


D 
G — 6.44 L 


Sometimes the r.p.m. of an engine are determined with- 
out taking piston speed into consideration. Usually, 900 
r.p.m. is the speed selected, and in that case we have 


Further, for a tractor speed of 24% m.p.h. and 900 
r.p.m. of the engine we get the following very useful for- 
mula for quickly calculating of gear ratio: 

G=1.07 D 


Drawbar Pull and Horsepower 


When the engine dimensions are given we can deter- 
mine the available drawbar pull in the following way: 
Torque on rear axle = E;GT in.-lb. 


The corresponding tangential force is 2 lb., and 





GTE; 
D 


this is equal to the drawbar pull P plus the rolling re- 
sistance (t+ g) W, hence, 





GTE 
P+(t+9)W=2 —, Ib. 
2E;GT . 
P = 2E:GT (t bi g) W lb. eevsveeee (37) 
D 
Substituting for T from equation (25) we obtain 
p-” 7 «> _ (t+) Wib. .... (38) 


The drawbar horsepower DHP can be calculated from 
the dimensions of the engine as follows: 
t )W . 
( L ¢ ‘lie sa 
vy" 36 
Equations (38) and the following equation are being 
used by the writer for comparing tractors of different 
makes: 


DHP = BHP E; 





N C4 S 
a Ae | ee 
DHP 72600 ( 9g) 375 
Wheel Sizes 


When a wheel is rolling over soft ground it is sup- 
ported only on a part of its periphery (AB, Fig. 4) ahead 
of the axle, because the soil is not elastic. The projected 
bearing surface equals /F, and since it is known from 


geometry that 1 = \/ (D — d) d we obtain 
Area = F\/(D—d)d=Fy(D d—@) 


where d is the depth the wheel may be allowed to sink 
into the ground and F the face width of the rear wheels, 
both in inches. 
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Because d is very small in proportion to D we can safely 
omit the member d’, which gives 


Area = F'\/D d sq. in. . 
For d = 1 in. we get: 
Area = F\/D 


Allowing a mean pressure i in lb. per sq. in. of ground 
contact and making d = 1 in. we get the weight which 
can be safely supported by two rear wheels, or, in other 
words, practically the total weight of the tractor, as at 
heavy pulls almost all the weight is carried on the two 
rear wheels. 


ee aca nn se smandeenen see (41) 
Assuming i = 17 lb. per sq. in. we obtain 
ee vk cedemawinwh skeen ean (42) 
for the 2 rear wheels of width of face F in. each and 
W 
= 34D a a ee ee ee a ee ee (43) 


When the tractor is standing still and not pulling, the 
weight resting on the front wheels is at its maximum 


and amounts to about 7} therefore, for the 2 front 


wheels equations (41). (42) and (43) become 


a 2. Sp eeeereeree: (44) 
where W; = = (approx. ) 
fe) (45) 
W ws 
—_—————OO—= ( 
100 VD, titties! (46) 


From the following table we can readily determine the 
supporting area in sq. in. of a wheel as well as the mean 
pressure i in lb. per 1000 lb. supported by a wheel of 
definite diameter and width, assuming the depth d that 
the wheel sinks into the soil to be 1 inch: 


SUPPORTING AREA AND SOIL PRESSURE OF TRACTOR WHEELS 


10090 
I —— 


Supporting area = F 





vV 5 $ ‘ ~7% ressur a 
) sq. in. mean soil pressure Fy D Ib. 
Wheel Face of Wheel in inches 
dia. ——_-——_——-- R ——————_—_—__—, 
in in. 3 4 5 6 8 9 10 12 14 
28 area...: 15.9 21.2 26.4 31.8 42.3 47.6 52.9 ee Si 
pressure 62.9 47.2 37.9 31.4 23.6 21 18.9 ina is 
30 16.4 21.9 27.4 32.8 438.8 49.3 54.8 — as 
61.0 45.7 36.5 30.5 22.8 203 18.2 wate % 
32 17.0 22.6 28.2 33.9 45.2 51.0 56.5 aia eis 
58.8 44.2 35.5 29.5 22.1 19.6 17.7 _— ol 
34 17.5 23.4 29.1 35.0 46.6 52.5 58.3 er . 
57.1 42.7 34.4 28.6 21.5 19.0 17.2 wae sa 
36 18.0 24.0 30.0 36.0 48.0 54.0 60.0 aint a 
55.5 41.7 33.3 27.8 20.8 18.5 16.7 ‘ote os 
38 18.5 24.6 30.8 37.0 49.3 55.5 61.6 74.0 86.2 
54.1 40.7 32.5 27.0 20.3 18.0 16.2 13.5 11.6 
42 19.4 25.9 32.4 38.9 51.8 58.3 64.8 177.8 90.6 
51.5 38.6 30.9 25.7 19.3 17.2 15.4 12.9 11.0 
48 sie eas ue --- 55.4 62.3 69.3 83.1 97.0 
= 18.1 16.1 14.4 12.0 10.3 
54 58.8 66.1 73.5 88.2 103 
17.0 15.1 13.6 11.3 9.7 
60 62.0 69.7 77.4 93.0 108 
16.1 14.3 12.9 10.8 9.3 


We may use this table also for comparing mean pres- 
sures under the wheels of two different tractors; the 
greater the pressure under the wheels the more the soil 
will be packed. 

Example: What is the mean pressure of ground con- 
tact with the following machines: 


A—Weight 5000 lb., 2 rear wheels 60 x 10 in. 
B—Weight 3500 lb., 2 rear wheels 48 x 12 in. 
C—Weight 2800 lb., 2 rear wheels 42 x 12 in. 
Estimating that when the machine is pulling, abovt 80 
per cent of the total weight is carried on the rear wheels, 
we obtain: 
Mean pressure 7 for A = 25.8 lb.; for B, 17.4 lb.; for C, 
14.4 lb. 
From the standpoint of soil packing the area grows 
directly with the width of face and only with the square 
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rout of the wheel diameter. Wheels of large diameter 
have more area of contact, are more efficient and give 
more traction. Their main advantage, however, is that 
they bridge over obstructions better. 

In Fig. 5 is shown a wheel in a hole w in. deep. In order 
to pull out, the engine must exert as much power as when 
pulling the weight carried on that particular wheel up 
a certain grade g. This grade can be determined as fol- 
lows: 

R—u-=Reosex 


from which 


U 
BR — @$—., or ceiccicccccvvcccvcccs (47) 
1—cos 2x 
a R—u 
cos & = ——— 
4 R 


where « is the angle of equivalent grade g = tgx. 
Provided the tractor is equipped with a power plant 
calculated to develop at plowing speed on the level a net 
drawbar pull equal to the weight of the machine, the 
tractor can climb up a grade of 45 deg. with small load. 
In this case equation (47) becomes 
ae eh okestecder ives ensesas ees (48) 


The table below gives the minimum diameters of wheels 
with which tractors having a drawbar pull equal to their 
weight could pull out of holes in the ground of a depth u 
provided both rear wheels were climbing at the same 
time, with all weight resting on the rear wheels at that 
moment: 


Din, u, in. DPD. in. u, in. 
20 2.9 42 6.1 
25 3.7 48 7 
30 4.4 54 7.9 
36 5.2 60 8.8 


In case the machine is equipped with an emergency 
gear reduction giving 50 per cent more pull than the 
plowing gear, the operator can shift into low and in this 
way make the tractor climb out of a hole corresponding 
to a 100 per cent grade and still be able to develop 50 
per cent of its maximum drawbar pull P». 

Thus it will be readily seen how important it is to se- 
lect driving wheels of the proper diameter, and it is not 
advisable to go under 48 in., as otherwise the machine 
might not climb up even a shallow ditch. 

As regards the size of front wheels, they must not be 
too small in proportion to the rear wheels. 


Influence of Wheel Dimensions on Ground Resistance 


It is no doubt of value to the tractor designer to have 
an idea regarding the relation between the wheel dimen- 
sions (diameter and face of wheel) and the rolling re- 
sistance, and, therefore, the following mathematical 
derivations were made. 

Let us assume that there is no cohesion, no mud and no 
dust on the surface; that the pressure of the soil against 
the tire increases in direct proportion with the depth of 
depression; that the pressure is nil at the surface and 
q lb. when the soil is depressed 1 in. deep; we than have 
(Fig. 6) and ; 


dW = qydxF 
W=qF { : yaa 


where the integral is equal to the area of the half seg- 
ment which was displaced by the wheel. The value of q 
is in effect the carrying capacity coefficient of soil in lb. 
per cu. in. The area of the half segment (see Fig. 6) 
is %R’S — 1,R’ sin 2S, where S is given in radians. The 
angle S is comparatively small, hence we can substitute 
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for it sin 2S = 2S — =) 





, and we then get 


1 23 


in which W, is the weight on that particular wheel only. 

When gq is determined by experiment for a certain soil 
the value of S can be determined for any size of wheel, 
for 

F 12W,]%*_. : 
S= FD" eee rer (50) 

After the angle S is determined we can calculate the 
depth of sinking— 

d= R(1—cosS); 
the maximum pressure under the tire 
i max. = qd 
and the area of contact = FR sin S. 

Substituting in Fig. 6 a parabolic segment for the 
circular one we can say that the center of soil resistance 
is 3gTR sin S ahead of the axle. Consequently, 

tW, Xx R = W,34R sin S 
hence 


or 


in which S/2 is the slope of the chord. 
Finally we get 


| 12W j 
t= % | ——3 
8 FD Ch eeba pawn. «Sead (52) 


The above equation does not take into account the 
action of the lugs, which, of course, increases the ground 
resistance considerably. 

We thus arrive at the conclusion that a wider face of 
wheel gives less ground resistance. This conclusion, 
however, does not hold when the soil is muddy, sloppy 
and sticky on the surface but firm underneath; when 
deep mud is adhering to the wheels; when the soil sur- 
face is covered with deep, loose dust. The rolling re- 
sistance decreases more rapidly with increasing diameter 
than with increasing face of wheel. 


Lug Dimensions 


When determining the face of the driving wheels we 
must take due account of the necessary face dimensions 
of lugs or spurs. The action of lugs on the ground is 
similar to that of a pinion and rack. We may assume 
that only one lug is in mesh at a time, because setting 
the lugs too close would prevent self-cleaning in the 
softer soils. The pressure against the face of the lugs 
at a definite drawbar pull (for 2 driving wheels) can be 
calculated by means of the equation 

ef 52 > o Se re (53) 
where P is the drawbar pull for the two driving wheels; 
F, the length of the lug in in.; m, the depth of the lug 
and j the mean pressure against the face of the lug. 
Transposed this gives: 


a 2 lb i 5 
i= 2 SS eres (54) 


This pressure should not exceed 60 lb. per sq. in., as 
otherwise an enormous slippage and a large proportional 
loss of power must be expected. At the same time, how- 
ever, the depth m of the lugs is limited, because the ef- 
ficiency of the driving wheels is greatly lessened when m 
is too great. For wheels of 48-in. diameter it would not 
exceed 3 in. , 

Example: What is the pressure against the face of 
the lugs when P = 3000 lb. and F; = 12 in. 

Solution: 3000 


I= 8x12 <3 


= 42 lb. 
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The amount of traction obtainable depends upon the 
weight carried on the driving wheels, the size, shape, 
sharpness and number of lugs, the diameter and width of 
the driving wheels, the weather conditions and the co- 
hesion of the soil. 

Generally speaking, the greater the required traction 
the more weight there must be on the drivers in order to 
force the lugs into the ground. When the pull becomes 
excessive in proportion to the weight, the driving wheels 
start to slip considerably, the efficiency of the machine 
becomes very low and there is danger that the machine 
will stall. 

When a wheel equipped with lugs rolls over the ground, 
the lugs being driven into the soil, the maximum resis- 
tance against the face of the lugs depends on the shear- 
ing resistance of the soil. The force of cohesion holds 
the particles of earth together so they resist separation. 
This cohesion force varies with the quality of soil, being 
greater in clay and smaller in ordinary soil. When the 
ground is plowed or otherwise cultivated its cohesion is 
entirely destroyed and can be regained only after a cer- 
tain time and when the ground has been wetted. 


Resistance 


The resistance also depends on the friction of the 
earth. The cohesive force of the soil should be con- 
sidered as active only when the ground has not been cul- 
tivated within a certain length of time, whereas the force 
of friction exists always. The friction between the steel 
tire of a drive wheel and the ground would not amount 
to much if the wheel were not equipped with lugs. But 
when the drive wheel is provided with lugs we have to 
consider friction of earth on earth and not friction of the 
wheel tire on earth. According to Rankine the coefficients 
of friction and angles of repose are: 


Friction 


Kind of Soil Angle of Repose Coefficient 


BOUER OM GOFER.. 0c cccess 14-45 deg. 0.25-1.00 
Earth on earth, dry sand, 
clay and mixed earth..... 21-37 deg. 0.38-0.75 
Earth on earth, damp clay... 45 deg. 1.00 
Earth on earth, wet clay.... 17 deg. 0.31 
Earth on earth, shingle and 
eee re 39-48 deg. 0.81 


From the above we may derive the following approxi- 
mate values: 

For vegetable soils, angle of repose, 40-41 deg., and co- 
efficient of friction 0.83-0.87; for clay soils, angle of re- 
pose, 42-44 deg., coefficient of friction 0.90-0.97, the 
average Keing about 0.9. 

The combined friction and shearing resistance might 
result in obtaining a greater traction or pull than the 
weight of the tractor. But in order to keep on the safe 
side the maximum drawbar pull according to the fore- 
going computations ought to be P 0.9W at the plowing 
speed. 


Road Work 


There are not many data available which would indi- 
cate how much drawbar pull can be safely expected from 
a tractor of a certain weight on different kinds of roads 
and under various conditions. We may say, however, that 
about two-thirds of the total weight can be obtained on 
country road if the tractor is equipped with proper lugs. 
This naturally varies with the weather, road conditions 
etc. 

i Mi OS ie iid bad eines el ae ee ae (55) 
where P, is the available drawbar pull on the road. 

The tractive effort or ground resistance of country 
roads varies from 7 per cent to 12 per cent, the average 
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being 10 per cent. Allowing another 10 per cent as a 
reserve for grades, we can estimate the available draw- 
bar pull of any given tractor on the road. 
Po mk Ge eR as evra nin ck edeonseebaee (56) 
Taking the ground resistance at 0.10 and the grade re- 
sistance at 0.10, we have for the necessary tractive ef: 
fort to pull the total load W; on the road: 
Pe Me Ss 5 oe a oda kee ane he eek ek (57) 
or 
Wi, 5P, : 
and, as we estimated the maximum of pull to be two 
thirds of the total weight of the tractor, by substituting 
for P, its value in equation (55) we obtain: 
Wi = 5X HW: 
W;,, = 3.33W, 
In other words, on country roads with grades up to 10 
per cent the tractor is capable of hauling 3.33 times its 
own weight. 


Longitudinal Weight Distribution 


As already mentioned, the greater part of the traction 
or grip is obtained by friction of the soil particles. Hence 
we may say that the traction depends on the amount of 
pressure developed by the driving wheels, or, in other 
words, on the amount of weight carried on the driving 
wheels. To obtain the maximum amount of traction the 
designer will naturally endeavor to have as much weight 
cn the drivers as possible, leaving on the steering wheels 
only enough weight to secure proper steering. In Figs. 
7 and 8, A represents the tread; H, the wheelbase; C,, the 
center of gravity; a, the distance of C, from the rear 
axle in in.; c, the height of C, from the ground in in.; 
e, the eccentricity of the drawbar in in.; h, the height 
of the drawbar in in.; Wy, the weight on the drivers at 
rest, and W;, the weight on the steering wheels at rest. 

The total weight W of the machine is supported by the 
front and rear wheels, and the value of W; and W, while 
standing still on the level depend on the distances a and 
H and can be determined by the following equation: 


I ie tl hood ig, itt ate bul lace ae ein (60) 
OP (61) 
Vice versa, we can calculate the necessary distance oi 
C, so that there will be a weight W; on the front wheels: 
eu ty 
nn | 
When plowing, it is usually not possible to hook the 
load exactly in the center between the rear wheels, be- 
cause of differences in treads and in the width heing 
plowed. Consequently, the center line of draft and that 
of the power do not coincide. This results in a moment 
Pe (see Fig. 8) tending to swing the tractor to one side. 
This moment Pe must be counteracted by a resistance P, 
of the front wheels, which resistance depends on the 
weight carried on the front wheels. This counteracting 
moment must be at least equal to P,, i.e., 
Pe = P,.H 
Assuming that in order to obtain this resistance P. an 
eaual amount of weight on the front wheels is needed 


(FP, W.). we get, 
TE a Ba ea nk ae 51S wadas (63) 
Further, from equation (62) 
W; 
as = ATR cee Ce ee (64) 
or by substituting from equation (63) we have, 
P 
& = we Tero ogi fe oltre ss ae oe (65) 


This value a, represents the distance the center of 
gravity C, must be ahead of the rear axle in order to 
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balance the effect of eccentricity e of the drawbar pull 
P alone. 

Besides causing side draft, the drawbar pull has a 
tendency to tip the tractor over, on account of the mo- 


ment Ph. From Fig. 7 we get, 
PO WE ne cis bekaes 4 Ve eee ben (66) 
and, further, from equation (62), 
Ph 
as ill aie I ae: Scat nly Soak sk shokk Alice ok aR A 67 
Ap W In > ( ) 


where a, is the distance of C, necessary to balance the 
moment Ph alone, representing the influence of the height 
of drawbar pull. 

When the tractor is ascending a grade of angle 2, the 
horizontal distance of C, from the rear support is smaller 
than when it is on the level. This is illustrated in Fig. 9. 
The horizontal distance in the inclined position is @ cos 
x — ec sin «, while on the level it was equal to a. This 
diminution is equal to aj = a— (acosx+csin 2). But 
since the angle x is small we may write a, = ¢ sin x or 

a ies as nS wre en se eee (68) 


soft ground it has to overcome a resistance equivalent to 
that of a three-fourths slope of chord = %4(S/2) and is 
not supported exactly under the rear axle but °F sin S 
ahead of it. According to Fig. 6 this decrease in distance 
C, to the rear wheel support amounts to 
3gR sin S = Rt (S small) 

and this also must be counterbalanced by placing C, 
ahead by 

ay ee a ee (69) 

In order to be safe that the tractor will not tip over 
when the drawbar pull is applied at a certain height h 
above the ground, the tractor ascending a certain grade 
and overcoming the ground resistance t, but still will 
have weight enough on the front wheels to ensure proper 
steering when there is a certain side draft e, we must 
advance the center of gravity C, such a distance as to 
completely counterbalance all of the above mentioned 
moments: 

a-a,+a,+a,+ a 
a=Tetah+eg BERNE es, bc ese a ioe (70) 
Equation (70) shows that: 

1. The emergency or low speed must not be too low 
nor the drawbar pull P; too high, otherwise the machine 
is apt to tip over and endanger the life of the operator. 

2. The height of drawbar must be adjustable so the 
load can be hitched very low when the pull is very heavy. 
Otherwise the machine would either tip over or have too 
much weight on the front wheels when doing lighter 
work. 

3. The center of gravity must be low to insure good 
weight economy on the level as well as on grades (height 
c small). 

4. The percentage of weight carried on the front 
wheels, as sometimes given in catalogs, does not at all 
give sufficient guarantee that the machine will not tip 
over; the only safeguard is a definite minimum distance 
a between the center of gravity and the rear axle. 

5. This distance a, or the location of the center of 
gravity, does not at all depend on the wheelbase. The 
longer the wheelbase the more weight there may be on 
the rear wheels (a being constant) and the better the 
weight economy. 

When we are designing a new tractor we do not know 
the height c of C, correctly and have to estimate same. 
For a preliminary calculation we can put it about equal 
to R; then equation (70) becomes: 


a= Ce +h) +R(t+ Q) im.......... (71) 
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Example: What is the minimum value of a for the fol- 
lowing two tractors: 

A has max. P = 1.5W 

B has max. P = W 
Other conditions are the same for both tractors, namely, 
C = G6in., h = 15 in.,, R = 24 in. t¢ + g = 0.25. 
Solution: 

A:a = 1.5 X 21+ 0.25 & 24 = 87.5 in. 

B:a=1X 21+ 0.25 & 24 = 27 in. 

The same machine which is perfectly safe with a 
definite pull-to-weight ratio (corresponding to a certain 
gear ratio) may become unstable and dangerous if the 
pull-to-weight ratio is increased (gear ratio too low). 

What is the relative importance of the different influ- 
ences on the location of the center of gravity in the case 
of tractor B of the above example? 

Side draft as = Gin. = 21.3% 
Drawbar height a, = 15in. = 53.2% 
Ground resistance a; = 3.6 in. = 12.75% 
Grade resistance a, = 3.6 in. = 12.75% 


100% 

If we consider only the influence of drawbar height, 
without paying attention to the other factors, as is the 
usual practice, the minimum safe value of a for tractor 
B of the above example would be 15 in., but this is only 
53.2 per cent of what it should be. Thus we can see that 
we would make a very considerable error if we took only 
the drawbar height into account, instead of the sum of all 
the factors influencing the value of a. 

Let us now discuss briefly the weight distribution in a 
front wheel driven tractor. It is characteristic of the 
front wheel drive that the more the machine pulls the 
less the weight resting on the front driving members. 
Inasmuch as most of the total weight is concentrated on 
the drivers (in front in this case) the machine is safe 
even at the heaviest pulls; but when the tractor is de- 
scending a steep hill and not pulling there is a tendency 
to tip over to the front. Therefore, the weight must be 


properly distributed with view to this condition. Conse- 
quently, for front drive (see Fig. 10) 
fe ee ee ee! (72) 


in which a is the distance of C, behind the front axle and 
g the steepest gradient which can be descended with 
safety. 
For instance, let c = 24 in. and g = 0.50 (50% grade). 
Then a = 12 in. 
When we have determined the center of gravity we 
can estimate the wheelbase approximately— 
Be OR Be ib oo hea os vader voncksees (73) 
The tread A should be equal to about 214c¢ to insure the 
necessary lateral stability 
ee i ae aerisieecacaliwenneweuns (74) 
(To be continued) 


a influence of turbulence on the explosibility of gas mix- 
tures and on the working of gas engines was, though not 
overlooked, not sufficiently heeded until recent years. Ex- 
perimenting on behalf of the British Association Committee 
on Gaseous Explosions (Dundee, 1912), Dr. Dugald Clerk 
observed that the rate of explosion rise increased with the 
number of rotations and decreased when the turbulence was 
damped down. An engine working normally with ignition at 
the end of the first compression stroke attained maximum gas 
pressure in 0.037 second; when ignition was effected at the 
end of the third compression stroke, i.e., after turbulence had 
subsided, maximum pressure was not attained in less than 
0.092 second. Agitating the gas mixture contained in a 
closed cylinder by means of a fan, the late Professor Bertram 
Hopkinson found that with the fan at rest and at 2000 
r.p.m. or 4500 r.p.m. maximum pressure was reached in 0.13 
second, 0.03 second and 0.02 second. 
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Belgian Industry Has Big Task 
In Its “Comeback” Effort 


Troubles of the Germans in Keeping Their Army Motor Equipment Running 
in Latter Days of War Show How Country Was 


Stripped—Labor Problems 


By W. F. Bradley 


tire dimensions going as high as 60 by 9 in., it was a 
rare occurrence to see a German truck with rubber tires. 
Of the hundreds of abandoned or captured German trucks 
I examined in Belgium, not more than a dozen had 


HEN the German forces first entered Belgium 
they made very extensive use of automobiles. Nat- 
urally, one of their first acts was to prevent any 


civilian traveling by automobile. This automatically shut 








down the factories. Many 
other industries, however, 
continued to work for a 
considerable time to supply 
civilian needs. 

Large numbers of Bel- 
gian automobile owners 
fled in 1914, using their 
cars as the best means of 
getting away. For a num- 
ber of weeks, 2000 to 3000 
Belgian automobiles were 
parked in the public 
squares of the Port of 
Havre. Contrary to expec- 
tations, however, the Ger- 
mans did not seize many 
private automobiles in Bel- 
gium. Where stocks ex- 
isted in the factories, they 
took them, but the military 
had an objection to taking 
individual cars of varied 
makes, and the German au- 
tomobile manufacturers 
protested against Belgian 
machines being used while 
they were in a position to 
produce. 

As early as 1915 the ef- 
fect of the blockade 
showed itself in a reduction 
in the number of German 
touring cars in_ service. 
While in 1914 every officer 
appeared to be able to get 
the use of a car, in 1918 
the restrictions were so 
great that in the whole of 
Brussels, which was the 


center of the German army organization, there were not 
more than 50 military automobiles 
trolley cars were kept running, and officers used these 


for getting about Brussels. 


The loss of rubber was a serious blow. 
Allies ran all their trucks on rubber tires, and even 
had automobile-hauled gun carriages rubber shod, the 








IN his two previous articles Mr. Bradley, 
special European correspondent of AuTo- 
MOTIVE INpDusTRIES, told in detail of the 
destruction of the automotive industry in 
Belgium by the German army, aided by 
civilians. In this article he tells something 
of the incidental motor troubles of the in- 
vading army and of the failure of the much 
talked of substitutes. He also tells briefly 
the problems that confront the Belgian 
manufacturers in resuming production. As 
in the previous articles, the pictures taken 
especially for AUTOMOTIVE INDUSTRIES at 
the Belgian factories comprise a vital part 
of this story. 

In this series Mr. Bradley, who went 
to Belgium especially for Automotive In- 
DUSTRIES, draws a convincing indictment 
that the Germans combined war and busi- 
ness. There can be little doubt that much 
of the destruction of the Belgian plants was 
due to a desire to remove an after the war 
business competitor. This is best shown by 
the continued removal and destruction of 
machinery after the signing of the armistice 
was known. If you have not read the 
previous articles, you should get them. 

—EpirTor. 
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rubber tires. 

The stories of artificial 
rubber appear to be a myth. 
The majority of these 
trucks had very thick wood 
rims; mounted on the rim 
of the wheel around this 
was a light steel rim which 
made contact with the 
road. Another’ equally 
common method was a se- 
ries of rubber blocks, each 
of which was set in a pair 
of cups mounted respec- 
tively on an inner and an 
outer rim. The inner rim 
was fixed and the rim had 
a certain amount of elas- 
ticity. In this case, as in 
the first instance, a steel 
rim was in contact with the 
road, the rubber giving a 
cushioning effect without 
being subject to friction 
with the road surface. 

In some instances this 
system of rubber blocks hbe- 
tween two steel rims was 
applied to touring cars. 
The result, however, was 
not at all satisfactory; 
speed had to be kept down 
to 12 miles an hour, the 
vibration was tremendous, 
and there was a decided 
tendency to skid. 

Trucks with steel tires 
in contact with the road 
were very difficult to han- 
dle on the granite-paved 


roads of Belgium, and on ice or snow-covered macadam 
As a precautionary measure, every German truck 
carried two large sand boxes just behind the rear wheels 


and under the body overhang. 


While the 


Sufficient pneumatic tires were obtainable to supply 
the cars used by the higher staff officers at the front, 
but the scarcity of rubber and the impossibility of find- 
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Armistice Day Photographs in the Derihon Factory 


This stockroom was used as a stable after everything but a weighing machine was removed 





ing a substitute for pneumatic tires restricted the use 
of touring cars to officers in the field. 

The truck was maintained 
speed, but even with this precaution the results were so 
unsatisfactory that light railroads were preferred. 
Belgium and northern France 
were well provided with these roads. 

The impression has prevailed that Germany was well 
This is not borne out by 
mobile engineers who remained in Belgium during the 
The Galician and Roumanian oil fields ap- 


tunately for the enemy, 


provided with gasoline. 


occupation. 


pear to have supplied the enemy little of this fuel. 


comparatively early period 
automobile travel, as much 
with a view to economizing 
gasoline and oil as to save 
rubber. 

All gasoline appears to 
have been reserved for the 
air service, leaving a pe- 
culiar kind of benzol for 
trucks and touring cars. 
Although this was officially 
known as benzol, one engi- 
neer, who had an opportu- 
nity of using it within a 
few days of the departure 
of the Germans, stated that 
it was a very heavy fuel, 
of a yellowish tint, having 
a strong smell of unwhole- 
some eggs. The consump- 
tion of this fuel was high. 
On the dashboard of cer- 
tain 2-ton trucks the fol- 
lowing direction was paint- 
ed: “Gasoline consump- 
tion 80 liters per 100 kil- 
ometers,” which is equiva- 
lent to 3 miles per Ameri- 
can gallon. 

One of the results of the 


restrictions were placed on 
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Gasoline tractors were used for 
These were mostly manufactured by the German Daim- 
ler, Benz, and Horsch companies. 
of the rear-wheel-drive type, 
shod with steel tires. 
big two-wheel trailers carrying a Mercedes four-cylinder 
bore, 
drum, and appeared to be used exclusively for placing the 
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was so intense in each direction that nothing of the 
German plan could be ascertained. 
however, when a big offensive was in preparation, for 
when shells were carried to the western front the trains 


It was different, 


hauling big guns. 


In all cases they were 
with very large diameter 

Use was also made of 
which operated a winding 
big guns in position. A 
large number of these, in 
good condition, were left at 
the Cockerill Engineering 
Works. 

The Belgian manufac- 
turers have before them a 
big problem, which they are 
pluckily undertaking. The 
destroyed plants are only : 
part of this task. 

Labor conditions in Bel- 
gium are in a complex con- 
dition as the result of the 
war. Idleness is always de- 
moralizing, even if adopted 
to hinder or injure an en- 
emy. Belgian workpeople 
who have been living on 40 
cents a day for 4 years, 
paying no rent, drawing 
free soup and rations, steal- 
ing from the Germans 
whenever possible and 
glorying in the action, are 
obviously not better for 
these practices. On the 
other hand, numbers es- 


Se or, 





war has been a serious de- 
terioration of Belgian 
roads. All the macadam 
roads have broken down un- 
der the strain, for the Ger- 
man armies did as little 
road repair work as pos- 
sible. The main _ roads, 
paved with granite blocks, 
were not seriously damaged 
during the occupation. 
Since the German armies 
left Belgium, the civilian authorities have attacked the 
road problem, and are widening and repairing the main 
roads to meet the increased traffic which is anticipated 
with the return to normal conditions. 

The Germans made considerable use of trailers for 
cargo-carrying purposes, for ambulances and for kitchens. 
All of these were shod with steel tires. While the auto- 
mobile service was reduced to the lowest possible limits, 
the railroads were operated to maximum capacity. At 
certain times there passed over the main lines a train 
every 5 minutes in each direction, this continuing day 
and night for two weeks. 

When troops were being moved at this rate it was 
impossible to understand anything of the German plans. 
When fresh troops were brought from the east the 
trains appeared to carry an almost equal number of 
tired troops to the rear. In other words, the movement 


body works. They 
mately $1,200). 








Receipt given by the Germans for a new Rolls-Royce 
chassis requisitioned by them at the Van den Plass 


allowed 4800 
The pre-war 
during the war rose to $9,000 


caped to England, where 
they earned high wages and 
enjoyed better working 
conditions than ever before 
in their lives. 

These form the two ex- 
tremes: the men who have 
been spoiled by prosperity 
in England and those who 
have been demoralized by 
German severity. Between 
them are the more intelli- 
gent and patriotic workers 
who realize that it is necessary to put forth enormous 
efforts to return Belgium to her former position. 

As in France and England, the claim has been made 
for an 8-hour working day or less. Even in France 
it is recognized that the reduction in the number of 
hours can only be effected by the use of labor-saving 
machinery and better shop methods. Directors of small 
French industries, in which the proportion of labor to 
machinery is necessarily high, claim that they are seri- 
ously handicapped in comparison with the big industries 
in which labor is small in proportion to machine work. 
Until machinery can be obtained for the Belgian fac- 
tories, hand work will predominate, and because of this 
condition the manufacturers have opposed the demand 
for the 8-hour day. 

A compromise has been arrived at whereby the 9-hour 
day will be established for 1 year. 


marks (approxi- 


value was $6,000 and 
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Types of Wanton Destruction by the Germans 
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This was a high class machine shop. The Germans left only electric light fixtures 
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The Germans worked until the armistice became effective adding to this pile of scrap. Most of it was made from machinery 
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Air Weight and Volume Measurement 


Practical Use of Venturi Meter for Quantitative Determination — Graphic 
Methods Shorten Process of Obtaining Results and Permit 
of Rapid Checking During Tests 


By Don T. Hastings 
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rapid determination of 


volumes and _ corres- 
ponding weights of air 
presents a most difficult 
problem, because of the 
intangible nature of the 
material in question and 
its variations with respect 
to temperature, pressure 
and humidity. The ef- 
fects of these three vari- 
ables on the density, or 
weight per cubic foot of 
dry air, have been care- 
fully determined, and the 
results are embodied in the 


HE apparatus and methods described in 

this article greatly facilitate the making 
of tests and the solution of problems in which 
the measurement of weight or volume of air 
is involved. Such problems include the de- 
termination of mixture ratios delivered by 
carbureters, division of total air entering a 
carbureter between the various intakes, volu- 
metric efficiency of engines and the influence 
of changes in design in valves, valve timing, 
gas passages, etc., on the volumetric efficiency. 


laboratory of Columbia 
University, his advice was 
followed in designing and 
constructing a multiple 
venturi meter to measure 
the weight of air, while 
the weight of fuel was de- 
termined by means of a 
tank mounted on an ac- 
curate platform scale. 

The general layout for 
the air measurements was 
as follows: 

A Root blower driven 
by a variable speed electric 
motor was arranged to 
draw air either from the 
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Smithsonian Tables; con- 
sequently, if a means is 
found for determining either the volume or weight of a 
given amount of air the other quantity can be readily 
computed. 

There are three principal methods used commercially 
or in the laboratory for the measurement of air volume, 
namely: 

A—The gasometer. 

B—Orifices in thin plates. 

C—The venturi meter. 

Of the three the venturi meter is the most accurate— 
the readings given by either of the other two devices 
being based on an initial calibration, while those of the 
venturi meter depend solely on its size and proportions. 


The Venturi Meter 


The venturi meter is an instrument for the measure- 
ment of the quantity of liquid or gas which flows through 
a pipe and consists essentially of a piece of round 
straight pipe which is contracted for a short distance 
to a diameter smaller than the main part of the pipe. 
The decreased diameter is known as the throat, and for 
convenience is usually made one-half, one-third or one- 
fourth the diameter of the main pipe; the length of 
the throat is usually made equal to its diameter and it 
is connected to the main pipe at each end by conical 
sections, which for the best results should have an in- 
cluded angle of 5 deg. to 11 deg., the smaller angle being 
the best. All the inside surface should be machined 
smooth so that there are no shoulders to interfere with 
the flow. Connections for manometers or gages for de- 
termining the pressure in the pipe are made at the 
throat and at both up and down stream ends a short dis- 
tance from the ends of the tapered sections. 

About 2 yr. ago it became necessary for the writer to 
determine the mixture proportions furnished by a num- 
ber of carbureters. Being familiar with the work done 
by Prof. Charles E. Lucke along similar lines in the 


laboratory or from outside 
the building and force it 
into a header into which the five venturi tubes were con- 
nected. From a duplicate header at the other end of the 
venturi tubes the air was conducted to a large air-tight 
box in which the pressure was* maintained within one- 
tenth of an inch of water of atmospheric. In addition to 
varying the speed of the electric motor to secure this 
pressure relation, the blower was provided with a by-pass 
and automatic regulating valve. 

Arrangements were made either to place the box 
around the carbureter or to connect the intake of the 
carbureter to the box by pipe of ample diameter, depend- 
ing on the nature of the test being run. Every precau- 
tion was taken to prevent leakage at any point, although 
as the pressure in the box was maintained at atmos- 
pheric, there was practically no chance of leakage around 
the box affecting the results. To insure air entering 
the carbureter under normal conditions, that is, from a 
state of rest, several baffles were provided inside the box. 

The construction of the multiple venturi meter is 
shown in Fig. 1. Five venturi tubes, each having a 
ratio of throat diameter to upstream diameter of one to 
two, were arranged between two headers of large di- 
ameter pipe. The throat diameters from top to bottom 
were 14 in., % in., % in., 34 in., and 1 in. Each end of 
each venturi tube was connected to a piece of iron pipe 
whose inside diameter was approximately the same as 
the upstream diameter of the venturi, in order to insure 
smooth flow and avoid eddy currents in the instru- 
ments. Between each of these pipes and the header 
were inserted a tee and a quick-acting shut-off valve. In 
addition, the three center venturis were provided with 
expansion joints to facilitate the assembling and avoid 
strains which might possibly result in air leaks. 

The purpose of the shut-off valves at the upstream 
ends of the pipes was to permit the use of one or more 
venturis at a time, as required by the amount of air to 
be measured. The valves at the discharge ends of the 
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pipes, in connection with the adjacent tees, permitted 
two or more measurements to be made at the same time, 
as, for instance, the amounts of air entering a car- 
bureter at the main and auxiliary intakes. In this case 
a second large box was provided to which the auxiliary 
intake was connected. The pressure in the second box 
was regulated to atmospheric by partially closing the 
valve at the entrance to the venturi thus used. 

The venturi tubes proper were made of non-corrosive 
bronze and most carefully machined, so that the sizes 
were exact to less than 0.001 in. The workmanship was 
excellent, as no difficulty was experienced in maintain- 
ing the metal to metal joints airtight. Each venturi 
consisted of the following: 1 throat; 2 duplicate tapered 
sections; 2 duplicate upstream (and downstream) sec- 
tions, and 2 duplicate pipe flanges. As the result of this 
design the throat for the '%-in.-l-in. venturi was the 
same as the upstream section for the 14-in.-'-in. ven- 
turi, and the same relation existed between other sizes. 
The tapered sections also were made in such lengths 
that two or more could be joined together in case ratios 
other than one to two were desired between throat and 
upstream sections. This made a number of duplicate 
units so that the parts were readily manufactured, and 
the resulting outfit was quite flexible. 

Each throat (or upstream section) consisted of two 
pieces. The throat proper, which was simply a ring of 
the proper inside diameter and length, had a groove 
turned around the outside at about the center of the 
length. From this groove four small holes were drilled 
through to the inside at 90-deg. intervals. The outer 
piece was also a ring which was a shrink fit on the 
throat proper. This outer ring was provided with four 
tapped holes for manometer connections. In assembling 
the two rings the tapped holes were carefully lined up 
with the drilled holes, so that the latter could be readily 
cleaned out if necessary. This construction gave an 


annular chamber around the throat connected at four 
points to the inside of the throat, thus insuring the 
pressure delivered to the manometer. being as truly rep- 
resentative of the actual average pressure in the throat 
as possible. 
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The tapered sections and pipe connections were each 
provided with heavy flanges drilled for four bolts. The 
throat and upstream sections were thus clamped sol- 
idly between the two adjacent flanged pieces, making the 
construction very rigid and yet easily demountable when 
required. The clamp bolts (or their center lines) are 
shown in Fig. 1 only on next to the bottom venturi for 
the sake of clearness. 


The Manometers 


Previous experience with the ordinary U-tube water 
manometer for determining pressures led to the decision 
to design and construct special single-tube manometers. 
Special, heavy-wall, uniform-bore glass tubing was ob- 
tained, and connected top and bottom to specially de- 
signed castings, all being mounted on suitable boards 
for handling. The lower casting had a horizontal in- 
ternal area of about 4 sq. in., while the bore of the 
tube was about 14 in. This gave a ratio of areas of 
about 1 to 340, and, consequently, a drop of level in the 
reservoir of this fraction of the height to which the 
column rose in the tube. By calibrating the manometer 
scale to allow for this drop, direct readings of height 
were made possible, in place of the customary two read- 
ings to be added, as in the case of the ordinary U tube. 

A screw plunger for adjusting the level to zero of the 
scale was provided in the lower casting, similar to that 
found on barometers. The lower casting was also pro- 
vided with a suitable drain cock, and a needle valve con- 
nection between the reservoir and the water column. 
Partially closing this valve assisted materially in steady- 
ing the height of the water column in case the pressure 
fluctuated slightly. At the same time it did not restrict 
the passage sufficiently to render the readings inaccu- 
rate. 

The pressure connection to the reservoir was made by 
a special nipple and a tube carried up to the level of the 
top of the instruments to prevent spilling when the in- 
strument was inclined and also to facilitate the making 
of connections. 

The upper casting had a capacity in excess of the totas 
volume of liquid used in the instrument to prevent ove» 
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flow in case excessive pressure was unexpectedly en- 
countered. It was provided with a large filling plug and 
a Suitable vent arranged to prevent the entrance of dirt. 
The shape of the upper casting and its connection to the 
top of the tube were so made that no liquid could be 
trapped and eventually work down to interfere with the 
accuracy of the readings. The vent could be readily 
replaced by a nipple for connection to a second source 
of pressure, in case it was desired to determine the dif- 
ference of two pressures directly, instead of merely a 
pressure above atmosphere. This connection was al- 
so used if the instrument was needed as a suction gage, 
the vent then being through the tube leading down to the 
top of the lower casting. 

Iron castings were used in the manometers, as they 
were sometimes used with mercury instead of water as 
the liquid. Brass would ordinarily be the better ma- 
terial where water only was to be used, but is impossible 
with mercury, due to the alloying action. No trouble 
was experienced with the cast iron in the water manom- 
eters, it merely being necessary to drain and rinse the 
instruments occasionally as the water became fouled 
with rust. 

To insure the maintenance of atmospheric pressure in 
the box surrounding the carbureter a differential or in- 
clined tube manometer was used. This is an ordinary 
manometer with the tube set at an acute angle with the 
horizontal instead of vertical. The result is to increase 
the movement of the liquid for a given vertical rise, per- 
mitting more accurate readings of small pressure dif- 
ferences. If the tube is set at 30 deg. with the hori- 
zontal the travel of the liquid along the tube is twice the 
vertical rise, while smaller angles give proportionately 
greater ratios. 

As soon as the meter and blower were installed and 


all air leaks at pipe joints, valves, etc., eliminated, a 
check was made of the instrument by closing the end 
of the discharge header and the inlet valve to the largest 
venturi and removing the plug from the tee close to 
this valve. Air was then forced through the four 
smaller venturi tubes, all this air, of course, being 
obliged to return through the largest venturi. The re- 
sults obtained are shown in Fig. 2. It will be noted 
that the difference for each set of readings was less than 
1 per cent, indicating that the instrument is sufficiently 
accurate for all ordinary purposes. 

The test described above is, of course, not an absolute 
check. An accurate check of this instrument could only 
be made by determining the actual weight of air, which 
is an extremely slow and expensive process. It was 
considered entirely unnecessary, however, as tests made 
at various places in the past have shown accuracies in 
the neighborhood of 99.8 per cent to 99.9 per cent. 
Some of these tests are described in Prof. Lucke’s book, 
“Thermo-Dynamics.” 

To determine the loss of head through the instrument, 
a test was run whose results are shown in Fig. 3. Pres- 
sure readings were taken at the downstream end as well 
as at the upstream end and throat. It will be noted that 
the pressure loss is very small, indeed, considering the 
amount of air and the absolute pressures involved. 


Use of the Meter 


In actual use the meter permitted results to be ob- 
tained very rapidly. A few sample charts of tests made 
are reproduced herewith. Fig. 4 shows the mixture ra- 
tios delivered by a commercial carbureter under five 
different conditions of throttle opening. The wide varia- 
tion as the quantity of mixture increases is, of course, 
very objectionable. This particular carbureter had an 
auxiliary spring-controlled valve. Adjustment of the 
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spring would undoubtedly reduce the variation some- 
what—the chart was selected merely to show the strik- 
ing results obtained. 

The test reported in Fig. 5 was made with the two 
pressure boxes as described above. The carbureter was 
of the type in which the fuel is atomized by the primary 
air, the quantity of fuel used being determined by the 
suction in the primary air passage. This chart, in con- 
nection with one like Fig. 4, furnishes an excellent guide 
to the changes or adjustments required to secure uni- 
form mixture proportions throughout the speed and load 
range above idling. It seems to be generally accepted 
that a slightly richer mixture is desirable for idling, 
due probably to the greater dilution of the incoming 
mixture by the gases remaining in the cylinder. 

Another very interesting test to which the venturi 
meter lends itself readily is the determination of volu- 
metric efficiency of internal combustion engines, that is, 
the percentage of the piston displacement filled by air at 
atmospheric pressure under various working conditions. 
The amount of air is compared diréctly to the piston 
displacement, neglecting the volume of the fuel, as our 
present-day fuels generally enter the engine cylinders in 
a liquid state, even though finally subdivided by the 
spraying or heating in the carbureter or manifold. The 
volume occupied by the fuel under these conditions is 
relatively so small that no serious error is caused by 
this assumption. 

The results of a test of this nature are shown in Fig. 
6. A well-known truck engine, which gives general 
satisfaction, was tested with wide open carbureter 
throttle and again with the carbureter removed, the in- 
take manifold being connected directly to the pressure 
box of the venturi meter. A surprising difference in the 
percentage of cylinder volume filled is at once apparent. 
It is evident that up to about 1200 r.p.m. the size and 
timing of the engine valves, shape and size of gas pas- 
sages, etc., are about as good as it is possible to get. The 
one reading taken above 1200 indicates a fairly rapid 
falling off in efficiency at higher speeds. This is en- 
tirely immaterial, however, as the governed speed of 
this engine is in the neighborhood of 1050 r.p.m. 








| 

| 

| 

| 

| 

° DESIRABLE | RATIOS 

| ee - “ 

| «2 

Lio 

| 

5 

| 

| Los. of Mixture per Minute 
| 1 2 3 4 5 a 7 8 





1281 


The striking thing about this test was the serious drop 
in volumetric efficiency when the carbureter was in 
place. The indications are, of course, that a larger 
carbureter is desirable. Before such a conclusion is ac- 
cepted, however, the fuel consumption per brake horsé- 
power hour with both carbureters should be checked up, 
as it is probable that the larger carbureter would give 
increased fuel consumption. Another factor to be care- 
fully considered is whether the increased power is really 
desired. The engine is, of course, a heavy-duty one, and 
the power produced may be ample for the truck in which 
it is mounted. In any case, the increased power would 
undoubtedly mean shorter life and, consequently, greater 
repair expense and depreciation. All these factors must 
be taken into consideration before a change is made. 
Tests of this nature, however, are of considerable value 
in comparing different carbureters and in studying the 
effect of different size valves, changed valve timing, etc. 


Data Required 


The data which must be obtained whenever the air 
meter is used are shown in Fig. 7 in tabular form. This 
includes only the air meter data for a simple test, such 
as that charted in Fig. 4. The data sheet must be ampli- 
fied in any particular case to include the other vari- 
ables, such, for instance for Fig. 4, as fuel consump- 
tion and r.p.m. 

The two temperatures and the barometer reading are 
used in determining the density of the air, and the 
barometer equivalent in inches of water, the two pres- 
sures and the two areas in determining the weight 
flowing per minute. ° 

The data in connection with the density must be ob- 
tained to correspond with the air used; that is, if the 
air is drawn from outside the building the readings 
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should be made outside, while if air is drawn from the 
laboratory the readings must be made there. 

The air temperature can be determined by means 
of any accurate Fahrenheit thermometer, readings being 
taken to the nearest 142 deg. The web-bulb thermometer 
readings are best obtained by means of a whirled sy- 
chrometer, which consists essentially of a Fahrenheit 
thermometer so mounted in a case that its bulb is sur- 
rounded by a cloth whose lower end is immersed in a 
vessel of water. This keeps the cloth around the bulb 
moist. The instrument is used by being swung around 
or to and fro at a velocity at the bulb of at least 10 ft. 
per second. This is the minimum velocity for accurate 
results—greater velocities make no appreciable differ- 
ence in the readings. The temperature should be noted 
before starting to swing the instrument and then at 
short intervals until it has ceased to drop, the final tem- 
perature being recorded as ¢t, in the tabular form. 

Data for determining density should be obtained about 
each half hour at the start of a series of tests, particu- 
larly if made in a room whose temperature rises during 
the test, as, for instance, when an engine is being run 
under its own power. After three or four readings have 
been taken, the frequency may be decreased if condi- 
tions are found to remain substantially constant. 


Computations and Charts 


The computation of results, even though use is made 
of logarithms, is an extremely slow and laborious process, 
due to the complexity of the formule, and presents con- 
stant opportunities for errors in calculations. It has 
the additional disadvantage of postponing the compari- 
son and interpretation of results until a test is com- 
pleted. If one set of readings is then found to give a 
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result widely at variance with the others, either this re- 
sult must be discarded or the whole test repeated. Ob- 
viously, then, it is of great importance to be able to ob- 
tain the results immediately after a set of readings is 
taken. To permit this being done, the charts shown in 
Figs. 8, 9 and 10 were prepared. While at first glance 
these charts seem quite complicated, with a little prac- 
tice it is possible to obtain the result of a set of readings 
from them in 20 to 30 sec. as compared to about % hr. 
for the straight computation. 

The charts are believed to be quite accurate. In Fig. 
8 the lines carrying Roman numerals correspond to the 
data b = 29.5, t = 82 deg. Fahr., t = 71 deg. Fahr. 
The value of d from the chart is 0.0707 lb. per cu. ft., 
which agrees almost exactly with the computed value 
0.07066. In Fig. 9 the data being d = 0.0795, P = 380 
and P = 390, the chart gives d = 0.081 as against a 
computed value of 0.08099, a difference of less than 0.02 
per cent. Also, in Fig. 9, V from W = 0.7 and d = 0.070 
shows 10 cu. ft., which is obviously correct. 

The data shown in Fig. 10 by the circles is P, = 396, 
P, = $89, —* = 200, d = 0.089 and A, = the area of 
a circle 1 in. in diameter. The chart gives a weight of 
4.75 lb. per min., while the computed weight is 4.767, 
an error of less than 0.4 per cent. 
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SYMBOLS TO USE CHART 
dg = density of dry air in pounds per cubic foot Vertical lines are numbered 1-15 in order of use. 


= temperature of air in degrees Fahrenheit. Locate from data points on lines 1, 2, 5, 9 and 14. 


t,; = temperature of wet bulb thermometer in Locate points on other lines by construction lines I-VIII as follows: 
degrees Fahrenheit. I through 1 and 2 locates 3. V through 8 and 9 locates 10. 

b = height of mercury barometer in inches. II transfers 3 to 4. VI through 10 and zero of 11 lo- 

f; = vapor pressure in inches of mercury of sat- III through 4 and 5 locates 6. 


cates 12. 
VII transfers 12 to 13. 
VITI through 13 and 14 locates 15. 


urated air at temperature ty. TV through 6 and zero of 7 locates 


& 
NOTES 
4—Smithsonian Table 41; 5—Smithsonian Table 40. 


Intersection of IV and 5 shows vapor pressure on left and corresponding dew point on right. 
Calibration of 14 is from Smithsonian Table 81. 


Significance of lines is as follows: 





MOIST AIR 
To obtain density of moist air use line 10 M instead of line 10. 


The density of the air where the sychrometer readings 
were taken is readily determined by reference to Fig. 8, 
complete directions for the detail use of the chart being 
given thereon. It may be of interest to note the signifi- 
cance of the several lines and their correspondence to 
some of the Smithsonian Tables. It must be ‘clearly un- 
derstood that the density obtained from this chart is that 
corresponding to atmospheric pressure. It is not the 
density of the air in the upstream section of the venturi 
which is required for use in Fig. 10. 

This upstream density can be readily determined by 
reference to the right-hand chart of Fig. 9 and to the 
barometer conversion chart extending through the center 
of Fig. 9. The latter gives directly the height in inches 


absolute of a water column equivalent to the height of the 
mercury column of the barometer. As will be shown later, 
extreme accuracy in this conversion is relatively unim- 
portant, and readings of the water column height to the 
nearest inch are entirely satisfactory. This quantity is P 
for the calculation of d,, and is to be added to the up- 
stream and throat manometer readings to get P, and P, 
for use in the right-hand chart of Fig. 9 and in Fig. 10. 
The value of d, must, of course, be greater than that of 
d, as the air in the venturi meter is under pressure. 
After d, has been thus obtained it may be used in con- 
nection with the other data required in Fig. 10 to obtain 
the weight of air flowing per minute, complete directions 
being given on the chart for its use. It is perhaps advis- 
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Fig. 10 
- SYMBOLS TO USE CHART 
W = pounds of dry air per minute Vertical lines are numbered 1-14 in order of use. 
A, = upstream area in square inches. Locate from data points on lines 1, 2, 4, 9, 11 and 13. 
A, = throat area in square inches. Locate points on other lines by construction lines I-VIII as follows: 
d, = upstream density in pounds per cubic foot. I through 1 and 2 locates 3. V through 6 and 7 locates 8. 
P,; = upstream pressure in inches of water abso- II through 3 and 4 locates 5. VI through 8 and 9 locates 10. 
lute. 


P, = throat pressure in inches of water absolute. 
&ractions on line 4 show ratios of diameters ; 
decimals, ratios of areas. 
Figures on line 11 show densities. 
Figures on line 13 show diameters. 


able to call particular, attention to the figures given on 
lines 4, 11 and 13. The decimals on line 4 show the ratios 
of the areas, while the fractions in parentheses show the 
ratios of diameters, the three commonest ratios only 
being thus expressed. Ratios nearer unity than (1/2) 
are inadvisable, owing to the slight pressure difference 
and consequent probability of error in readings, while 
ratios greater than (1/4) make no difference in the 
figure for the weight, and, consequently, the point on line 
4 corresponding to the ratio (1/4) may be used for all 
greater ratios. It is not actually necessary to compute 
the areas A, and A, as the ratio only is required. 


Tv 
A, - 74D: D? D. 2 
A, p> 2, D, 

4 


III transfers 3 to 6 
IV transfers 5 to 7. 


VII through 10 and 11 locates 12. 
VIII through 12 and 13 locates 14 


Right hand figures on 13 and 14 correspond. 


The square of the ratio of the diameters is much more 
easily computed and is the same ratio as shown above. 

Line 11 is graduated proportional to the square root 
of d,, but the figures given represent d, directly instead 
of its root. Line 13 is graduated in proportion to the 
areas of the throats, but the figures given read in inches 
of diameter, as this saves the labor of computing the 
area. 


Attenticn is also called to the limits of the ratio ~~ 
These are 0.995 and 0.950, as shown by line 3. If the 
values obtained for P, and P, give a ratio outside of 
these limits, a larger or smaller venturi should be used. 
This illustrates again the extreme importance of obtain- 
ing the results at once after the data are recorded, to 
avoid the recording of unsuitable figures and permit 
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immediate repetition of a test, if for any reason the 
results are doubtful. 

The left-hand chart of Fig. 9 was added to afford easy 
means of figuring the volume corresponding to any weight 
of air. It is required in case, for instance, the volumetric 
efficiency of an engine is being checked. Care must, of 
course, be exercised to select the proper value of d. In 
the case just mentioned it would be the value correspond- 
ing to atmospheric pressure and the temperatures ¢t and 
t,; that is, the value obtained from the chart in Fig. 8. 


The Density Formula 


The formula for the density of air in pounds per cubic 
foot given at the top of Fig. 8 is quite involved. It is 
based, however, on a few simple facts and its derivation is 
rather interesting. 

The weight of a cubic centimeter of dry air at sea 
level in latitude 45 deg. and 32 deg. Fahr. is 0.00129305 
gram. This value has been determined with great care, 
and is one of the accepted international standards. Un- 
der these conditions the height of the mercury barometer 
is 29.921 in. 

Very carefully conducted experiments have proven that 
air expands about one-five-hundredth (0.0020389) of its 
volume at 32 deg. Fahr. for each degree Fahrenheit that 
its temperature is raised; that is, at a temperature of 
t deg. Fahr., its volume becomes 1 +- 0.0020389 (t — 32) 
times the volume at 32 deg. Fahr. The weight of a cubic 
centimeter under these conditions is decreased propor- 
tionately and becomes 





q 0.00129305 
‘ T+ 0.0020389 (t — 32) 
The weight of a cubic centimeter, or, in other words, 


the density, also varies in direct proportion to the pres- 
sure, so that for any pressure H we have the proportion 


d H 
“d; 29,921 
from which 
1 dy Xx _ 4 
o= “! 99921 


and substituting our value for d; 


0.00129305 , &#v 


e- 1 +- 0.0020389 (t — 32) > 29.921 





For our purpose we desire the density expressed in 
pounds per cubic foot. There are 28,317 cu. cm. to the 
cubic foot and 0.0022046 lb. makes one gram. The prod- 
uct of these two factors is 62.4283, which, introduced in 
our formula, gives 


0.00129305 
d (cu. ft.) = 62.4283 <| 505 | 





‘} 1+ 0.0020389 (t — 32) 
_, 47 
29.921, 


The factors 62.4283, 0.00129305 and 29.921 could, of 
course, be combined into a single number (0.00269787), 
but they are left separate in order to keep the various 
parts of the formula in the form used in the Smithsonian 
Tables. The values of the fraction in the brackets above 
are given for all values of t from —45 deg. Fahr. to 
+140 deg. Fahr. in Table 81. By following this ar- 
rangement the checking of values given by the chart is 
rendered comparatively easy. 

This formula is really only a variation of the familiar 
gas formula 

PV = WRt 


in which 
P = absolute pressure 
V = volume 
W = weight 
RF =a constant depending on the particular gas and 
the units in which P, V, W and t are expressed 
t = absolute temperature 
_ FF PV. Wt W.t 
From this, —.= R = ——- aimane ili eee 
= Wi. PV ~ PV. 
Substituting the quantities d and d, for their equals 
. and W, we et 
V tas 
dt dt, 


7 P 


1 


and 


ft, P 
and d= dx 2 “4 P 
Substituting our standard condition values for d,, t, and 
P,, dividing both numerator and denominator of the sec- 
ond half of the equation by t, we get the same result as 
before. 

The pressure H in our formula is that due to dry air 
only. The actual pressure of the atmosphere as regis- 
tered by the barometer is greater than the quantity H 
due to the presence of water vapor in the air. This 
aqueous vapor exerts a certain pressure e and we have 
the relation 


1 


b=-H-+-e 
iit which b height of barometer. 
From this 
H = b—e 
which can be inserted in the formula for d for dry air, 
giving us 


d = 62.4283 | At 


29.921 


The pressure e exerted by the aqueous vapor in the air 
has been determined to bear a relation to the barometric 
pressure and the temperatures as shown by the wet and 
dry bulb thermometers in accordance with the formula 


3 
1571 
in which 


é = vapor pressure in inches of mercury 
f, = vapor pressure in saturated air at temperature ?, 
in inches of mercury. 

b = barometric pressure in inches of mercury 

t = air temperature in deg. Fahr. 

t, = temperature by wet bulb thermometer in deg. Fahr. 

The values of f, are tabulated for all ordinary tem- 
peratures in Smithsonian Table No. 40, and it was from 
this table that line 5 in Fig. 8 was plotted. The values 
of the quantity to be subtracted from f, are tabulated in 
Smithsonian Table No. 41—values found on line 4 of the 
chart correspond to this table. 

Substituting the above value of e in the formula for d 
of dry air, we get 





0.00129305 
1 + 0.0020389 (t — 82) 


e = f, —0.000367b (t — t,) ( 4 





d = 62.4283 | 0.00129305 | 1 


1 + 0.0020389 (t — 32) | 29.921 


|®— | f.— 0.000867 (t—t,) (: 4 = i 


This formula for the density of dry air should not be 
confused with that for the density of moist atmospheric 
air in which the weight of the moisture is included. The 
latter formula is very similar, differing only in that the 
factor 0.378 e is subtracted from b instead of the full 
value of e being used. This results from the fact that 
the density of aqueous vapor is expressed by the formula 
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— 0.622 0.00129305 e From this, 1 
dav. ~* 1 + 0.0020389 (t—32) | 29.921 6] P, ‘ d, (z)° 
= = an —_ = — 
the factor 0.622 being the specific weight of the aqueous a d P 
vapor relative to air. It will be seen that the formulas Consequently, 1 


contain several duplicate terms, so that on adding the 
densities to get the density of the moist air we have 

’ be + 0.622e = b—0.378e 
in the numerator of the last fraction. 

It is, of course, the density of the dry air only with 
which we are concerned in determining the mixture ratio 
delivered by a carbureter, as the moisture in the air does 
not enter into the combustion. On the other hand, in 
determining the volumetric efficiency of an engine, the 
density of the moist air should theoretically be used. 
Practically, however, the error caused by using the den- 
sity of the dry air is so slight as to be negligible, conse- 
quently the chart was prepared for the density of dry 
air only. The change necessary to obtain moist air 
density consists in substituting the line 10M for the line 
10 in locating the point of intersection of lines V and VJ 
and the chart can be so used if desired. 


Densities in Venturi Meter 


The density obtained from Fig. 8 is that of air at at- 
mospheric pressure. This quantity cannot be used in 
connection with the chart of Fig. 10, as the density in 
any one of the venturi tubes is greater than this amount, 
owing to the greater pressure in the tube. The compres- 
sion is assumed to be adiabatic; that is, such that the air 
does not give up heat to or receive heat from the blower 
or venturi tube walls, due to the extreme rapidity of flow, 
and consequently the volumes are related to the pressures 
as follows: 

ry a constant 
Since d = we have 
2 P 
— a constant = —' 
a d* 


1 


P,\ 1.4028 
d,.=¢ ( P) 

The right-hand chart of Fig. 9 affords an easy means 
of determining d, ready for use in the chart of Fig. 10. 
Care must be exercised in case more than one venturi 
tube is used at the same time to determine the density d, 
tor each tube in accordance with its upstream pressure 
rs. 


Water Equivalent of Barometer 


It was stated above that the exact determination of the 
height of a column of water equivalent in pressure to 
that of the barometric mercury column was relatively 
unimportant. This is true only because the factors into 
which this enters are all expressed as ratios, and, conse- 
quently, even a relatively large error affects the result 
by less than 0.1 per.cent. For example, suppose that the 
equivalent of 29 in. by barometer is read as 395 in. 
water or as 397 in. water. Assume P, = 20 in. and P, = 


10 as read on the manometers. Our ratio of A 


405 407 
absolute becomes 4ip oF 17 


These are equal respectively to 0.97590 and 0.97602, 
which values differ only slightly over 0.01 per cent. 

The conversion chart on Fig. 9 is about correct for 
ordinary room temperatures. As shown above, however, 
no serious error will be made if the chart is used for any 
temperature likely to encountered. 


(To be continued) 


Vickers-Vimy Ready for the Transatlantic Flight 
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To required 4-day notice of a probable Transatlantic flight was filed with the British Admiralty on Sunday 


by Captain Alcock, pilot of the Vickers-Vimy airplane at St. John’s, N. F. This airplane was assembled 


on the starting grounds. 


have a flight range of 2810 miles. 
ably will be 90 m.p.h. 


A. W. Brown is the navigator. ‘ 
Rolls-Royce engines and has a fuel capacity of 865 gal. and 50 gal. of lubricating oil. 


The plane is equipped with two standard 350-hp. 
It is estimated to 


The maximum speed is 100 m.p.h., but the speed for the long flight prob- 
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Fiat Plane for Transatlantic Flight 


A High-Speed Machine 


with Single 700-Hp. Engine Designed to Make the 
2000-Mile Trip in 14 


Hours 


By W. F. Bradley 








Fiat bombing and reconnoissance plane which is to make a transatlantic flight 


URIN, ITALY, May 15—Fiat is building a special 
airplane which will be capable of crossing the At- 
lantic in 14 hours, without the assistance of steam- 

ers along the line of flight, according to officials of the 

concern. 

The Fiat machine is a biplane having an all-metal 
fuselage, divided into watertight compartments which 
will contain 660 gal. of gasoline, this being more than 
sufficient for the flight across the Atlantic. In case of 
an accident, which obliges the pilot to come down on 
the water, this fuselage can be emptied almost instan- 
taneously and will then serve as a lighter capable of 
keeping the pilot and passengers afloat for a number 
of hours. 

The machine is the work of Engineer Rosatelli, who 
believes that the only method of crossing the Atlantic 
is by means of a very fast, big, load-carrying airplane. 





Rear view of the fuselage 


As the route selected is 2000 miles in length, the Fiat 
machine will have to average 145 miles an hour. It is 
claimed that the plane will have a higher speed than 
this, for just before the war came to a close Fiat had 
produced what is officially known as the BR-biplane, 
which had attained a speed of 158 miles an hour with 
a net load of 1 ton. This speed is higher than that at- 
tained by any of the chaser planes used on the front 
when the war came to a close. The experience gained 
in the construction of the BR is being made use of in 
building the Atlantic machine. 

As in the case of the BR, a single Fiat 12-cylinder, 
700-hp. engine will be used. This is an engine which 
has been produced in quantities for a considerable time. 
It is claimed that the BR-biplane was capable of carry- 
ing a load of 1'5 tons and maintaining its speed of 158 
miles an hour. This machine was therefore able to 
drop 15 ton of explosives on any point within a radius 
of 300 miles. When the armistice came into effect, no 
bombing machine in the Allied service was capable of 
making a trip of this length, even if running without 
a load of bombs. 

The pilot will be Brack-Papa, who has a number of 
important records to his credit, among them being the 
passenger-carrying height record of 23,050 ft. in 1 hr. 
3 min. It is stated that the pilot and those assisting him 
in this undertaking have developed a scheme whereby 
position may be plotted while over the water and while 
flying at a speed of 150 miles an hour. This system has 
been given a practical test in several long-distance 
flights, notably in the 1000 miles non-stop trip from 
Turin to Naples and back, which was accomplished in 
10 hr. 30 min. 


1 Bergie National Spark Plug Co., Rockford, IIl., has 
brought out a special spark plug for tractor and station- 
ary engines with stone insulator. The insulator is claimed 
to be practically unbreakable, heat-proof, oil-proof and com- 
pression-tight. 
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The Kessler Super-Charge Engine © 
Developed for Automobile Purposes 


Uses Four-Stroke Cycle With Ramming Charge 
oi Excess Air-—-Crankcase Compression Employed 


method of increasing the mean effective pressure 

of engines would be by increasing the volumetric 
efficiency. Naturally, with this in mind, the first thought 
is the utilization of some outside pressure to ram an ex- 
cess charge into the combustion chamber. This idea has 
been ‘dormant up to the time of the war, when the ne- 
cessity for securing high compression pressures at ex- 
treme altitudes brought it into prominence again. 

One of the super-charge engines which received atten- 
tion from the Government at that time is the product of 
the Kessler Motor Co. of Detroit. This engine, which has 
been in a state of gradual development for nearly a de- 
cade, was under test by the navy aircraft authorities and 
was just about to be manufactured when hostilities 
ceased. The engine was then developed for automobile 
work, and, largely owing to the impetus given te im- 
proved engine design by aviation engineers during the 
war, it is now receiving a great amount of consideration. 

The Kessler super-charge engine operates on the ordi- 
nary four-stroke cycle. At the bottom of the intake 
stroke, however, the piston uncovers ports through which 
is forced a quantity of air, constituting the super-charge. 
Thus, when the piston starts to rise on the compression 
stroke the pressure is already above atmospheric, and it 
is not necessary for the crank to travel through 20 or 
more degrees before compression actually starts. With 
this added volume of air it is necessary that the ratio 
of the total volume to the volume of the compression 
chamber be considerably less in the Kessler engine than 
it is in the normal engine. This is readily explained by 
the diagram shown in Fig. 4. 
The figures show a normal en- 


Hm several years engineers have realized that one 


govern the amount of air admitted by throttle conditions. 
Un the intake stroke the regular poppet intake valve is 
employed, but it closes at bottom center or very nearly 
at bottom center, so that there is no chance for the in- 
coming air to blow back through the poppet intake. In 
fact, it is important, as will be seen, to close the intake 
valve early enough so that there is no disturbance of the 
incoming charge through the poppet valve. 

The operation of the engine is readily understood from 
the foregoing explanation of the cycle. As the piston 
descends on the intake stroke it draws in what would be 
the normal amount of charge, and just before the bot- 
tom of the stroke the incoming charge of air from the 
crankcase has passed through the rotary valve. As soon 
as the piston uncovers the ports the pure air from the 
crankcase rushes in, sweeping across the head of the 
piston and filling the bottom of the displacement space 
with air. This is compressed along with the charge 
which came in through the poppet valve, at about the 
Same compression as is used in the ordinary high-speed 
gasoline engine. Firing occurs in the usual manner and 
exhaust is taken care of through the usual form of pop- 
pet exhaust valve. 

Referring agdin to Fig. 4, it is readily apparent where 
the gain in mean effective pressure comes in. At the 
bottom of Fig. 4 are shown two typical cards, one from 
a standard gasoline engine and the other from the Kess- 
ler. It will be seen that the expansion curve is slower 
to drop in the Kessler engine than it is in the standard 
type. Thus, the higher pressures are available through 
the working stroke, and particularly at points where the 





gine with a compression ratio 
of 5 to 1, and the lower two 
diagrams show a compression 
ratio with a Kessler super- 
charge engine of 3 2/3 to 1. 
Both of these engines would 
have approximately the same 
initial compression of 100 lb. 
per sq. in. Thus, although the 
compression space is larger in 
the Kessler engine, the com- 
pression is the same, owing to 
the excess of air admitted. 

Crankcase compression is re- 
lied upon to furnish the super 
charge of air. The quantity of 
air admitted is governed by 
some form of valve between the 
-crankease and the cylinder in- 
take ports. The form of valve 
used in the latest engines is a 
rotary, connected with the 
throttle so as to automatically 





Fig. 2—Kessler aviation engine developed for the United States Navy, devel- 
oping 200 hp. at 2400 r.p.m. 
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Fig. 3—Sketch showing cycle of Kessler super-charging 
engine and also stratification charge and cushioning 
effect under piston 


maximum torque effort is being placed upon the cranks, 
due to their approach to the 90-deg. position. 

In the upper part of Fig. 4 are illustrated three stages 
in the expansion of the charge in a typical gasoline en- 
gine with 5 to 1 compression ratio. The first expansion, 
to the point where the volume swept through by the pis- 
ton is equal to the compression chamber volume, corre- 
sponds to a crank travel of 55 deg. After the second 
expansion, or when the volume swept through by the pis- 
ton is equal to twice the combustion chamber volume, 
the crank has passed through 83 deg., and after the third 
expansion (three times compression chamber volume) it 
has passed through 113 deg. In the Kessler engine, owing 
to the greater volume of the compression chamber, the 
crank has passed through 70 deg. after the first expansion 
stage and 113 deg. after the second. Thus, with a greater 
volume of gas available on each working stroke, the 
expansion curve is bound to be higher throughout, and 
this accounts for the increased mean effective pressure. 

Naturally, the first inquiry likely to be made regarding 
a cycle of this sort is whether or not the air dilution does 
not simply tend to thin out the mixture, but to this the 
inventors reply that they have evidence of marked stratifi- 
cation in the compression space; that this can be clearly 
shown by varying the location of the spark plugs. If 
the plugs are high, near the inlet stream from the pop- 
pet valves, perfect ignition results. On the other hand, 
if they are placed low where they would be in the path of 
the incoming air from the super-charging ports, either no 
ignition or very faulty ignition results, indicating that 
conditions of the charge are different in different parts 
of the cylinder. It is the claim of the Kessler company 
that this air drawn in through the ports at the bottom of 
the stroke lies on top of the piston and is carried up with 
it. 

The explosion takes place in the upper part of the 
compression chamber and the air in the lower part ab- 
sorbs heat from the explosion and then gives this heat 
up again during expansion. The resulting terminal 
pressure is somewhat higher than in the conventional 
engine, owing to the fact that it is not possible to get 
back all of the heat energy imparted to the excess air. 





A marked cushioning effect of the explosion is claimed, 
due to the presence of the excess air on top of the piston, 
which tends to retard the pressure peak. The cushion- 
ing effect is also claimed to reduce to a marked extent 
any tendency for a high compression engine to pound, 
as the blow on top of the piston is stated to be remark- 
ably softened due to this volume of air.* A cushioning 
effect is also claimed for the crankcase compression, 
and it is said that at certain speeds the bearings auto- 
matically float, due to the relieving cushion of the air in 
the crankcase. P 
A staff representative of AUTOMOTIVE INDUSTRIES has 





*This statement hardly agrees with the two indicator diagrams 
shown, of the standard and Kessler engines respectively, which 
show equal explosion pressures,—EDIToR. 
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EXPANSION DIAGRAM OF STANDARD ENGINE : 
WITH COMPRESSION RATIO 5TO1 WITH 
INITIAL COMPRESSION APPROXIMATELY 100LBS. 
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EXPANSION DIAGRAM OF KESSLER SUPER- 
CHARGE ENGINE WITH COMPRESSION RATIO 38701 
ALSO HAVING INITIAL COMPRESSION OF 100 LBS. 
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Fig. 4—Charts showing comparison of expansion dia- 


grams of Kessler and standard engines 
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Fig. 5—Left—Counter-balanced crankshaft mounted in crankcase. 
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Fig. 6—Right—Piston and connecting rod 


seen at the Kessler plant a car with a four-cylinder Kess-simple experiment with an ordinary engine will readily 


ler engine mounted in it, this engine having made over 
60,000 miles without having been taken down. The en- 
gine is in bad condition, and inasmuch as the super- 
charged air was drawn through an opening in the front 
end of the engine and the front of the engine itself is 
caked with the gritty accumulation of 5 years, it is safe to 
imagine that the inside of the engine is in extremely 
bad condition. The air intake for the super-charging air 
is controlled by a butterfly in this particular engine, and 
there is no screening or other device in front of it. Yet, 
in spite of this, the acceleration of the engine is remark- 
able, and, although the engine is a four, it compares 
favorably with multi-cylinder engines in this respect. 


Claim Carbon Knocks Impossible 


This engine is used by the Kessler company as evi- 
dence to support the claim that bearing loads are excep- 
tionally light due to the balance secured by the air 
cushion in the crankcase and the air cushion above the 
piston at the time of explosion. The excess of air tends 
to act as a carbon cleaner also, so that carbon knocks are 
said to be impossible with this type of engine. 

There are a great many structural designs possible 
with this cycle. It is nothing more than an ordinary 
type of engine plus the excess air charge admitted at the 
bottom of the suction stroke. It is quite apparent that 
the amount of air admitted must depend to some extent 
on the amount of charge drawn in, and consequently at 
reduced throttle openings the amount of air would be 
less than at full throttle opening. This is taken care of 
by the inter-connection of the valve controlling the air 
and the throttle. In the case of the rotary valve, the 
throttle does not control the opening and closing of the 
valve, but simply times it by means of a spiral guide, 
advancing or retarding the functions of the valve. 


15-Pound Pressure Found Best 


When idling only a very moderate amount of excess 
air is admitted, or none at all, but as soon as the load 
is increased the amount of air admitted is materially 
augmented, until at full open throttle the full period 
during which the ports are open is utilized in forcing in 
the air under a pressure of some 15 lb. This pressure 


has been experimented with and it has been found that 
best results are obtained with about that amount. A 


show what effect this has. 

For instance, if a man were to blow into the petcock on 
top of the cylinder during the intake stroke or immedi- 
ately after the intake were closed, and while the pressure 
was still at atmospheric in the cylinder, he would find an 
enormous increase in the final compression pressure. 
For this reason, with this amount of pressure put in the 
combustion chamber of the Kessler engine, it is possible 
to use a much greater volume of compression chamber 
and still have the same initial compression. Further- 
more, as experiment with the old engine in the car has 
shown, slight leaks around the piston or past the valves 
do not reduce the power output to the same extent as in 
an ordinary engine. 

The net result of this gain in mean effective pressure 
is the production of a much higher power output per 
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Fig. T—Horsepower curves of Kessler and other stand- 
ard engines, reduced to 247 cu. in. piston displacement 
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Fig. 8—Cylinder head assembly of Kessler super-charge engine for aviation purposes 


unit of displacement. The curves given in Fig. 7 show 
three typical engines as compared with a Kessler engine, 
from a power output standpoint, according to claims 
made by the manufacturer. Curves A, B and C were 
made from test data of standard stock engines reduced 
to the basis of a 247 cu. in. piston displacement. Curve 
A was made by a 3% by 5-in., six-cylinder engine; B 
was made by a 3% by 41!.-in. four; and C, a 31% by 514- 
in. six. The curves all show marked drops at from 1600 
r.p.m. up, the peak of the curve depending upon the 
valve timing. 

The Kessler is a 334 by 3%4-in. six, with practically a 
straight line power curve between 800 and 2400 r.p.m. 
This curve is not a direct record of an actual engine 
run, but is based on test runs of similar engines, the 
data of which were compared and reduced to the dis- 
placement volume of a 334 by 3°4-in., six-cylinder engine 
with valve characteristics, etc., the same as in a sample 
Kessler engine just about to be constructed. 

This curve indicates that by the use of a super charge 
the Kessler engine works in a much higher speed field 
than the ordinary types of engine and consequently 
would probably employ a much greater gear reduction 
than is utilized at the present time. As a matter of 
fact, the manufacturers believe that a ratio in the neigh- 
borhood of 5°4 to 1 or more would secure the greatest 
advantage from the engine. The claim of 100 hp. at 2900 
r.p.m. from a 3°4 by 334-in. six appears radical at first 
sight, but the Kessler company states that in view of 
the results obtained in tests made on Government en- 
gines, this is considered a conservative estimate. 

Engineers from motor car companies who have gone 
over the designs and have seen aviation engines built in 
accordance with this cycle have expressed their opinion 
that results of the kind denoted in the horsepower curve 
herewith are highly probable. One large concern has 
placed a provisional order for several thousand engines, 
provided certain output conditions less severe than this 
can be met by the engine. 

From a design standpoint it is not necessary to depart 
very radically from ordinary practice in the construc- 
tion of an engine. A very interesting piston has, how- 
ever, been worked out by Kessler and is illustrated here- 
with. This piston is closed across the base, with a slot 
and webbed housing which encloses the top of the rod, 
thus giving a higher crankcase compression by eliminat- 
ing the volume usually contained within the piston. The 


pistons are made either with a flat head or slightly 
domed. It has been found on aviation engines that were 
taken down and examined after long runs that this head 
is kept remarkably cool and free from carbon by the 
air blast from the super-charging air. 

Furthermore, it is part of the theory of Kessler that 
the cushioning air lying on top of the piston also has the 
effect of preventing the extreme heat from reaching the. 
head of the piston in the way that it does in the case of 
the ordinary type of engine at the point of maximum 
pressure, or at the peak of combustion. 

As will be noted in the illustration herewith, Kessler 

(Continued on page 1308) 





Fig. 9—Six valve per cylinder Kessler aviation engine 


This is a 
in. displace- 


on testing stand during experimental work. 
six-cylinder 5% «x 6 in. engine (855 cu. 
ment) weighing 578 lb. 
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Ignition Work at the Bureau of 
Standards 


Effects of Various Types of Spark on Engine Power—Spark Plug Faults and 
Their Remedies—Standard Tests, Methods and Specifications of 
Spark Plugs—Effects of the Auxiliary Gap 


By Francis B. Silsbee 


I—INTRODUCTION 


ards has been carrying on an extensive study of 
various problems connected with internal-combus- 
tion engines and their accessories. While the work was in- 
tended primarily to assist in the development of prime 
movers for aircraft, the results are, of course, almost 
equally applicable to gasoline engines used for any of 
the myriad other purposes—trucks, tractors, tanks, mo- 
tor boats, etc.—to which they are applied. 
The work was undertaken at the suggestion of the 
National Advisory Committee for Aeronautics, and has 
consisted in a large measure of specific tests of various 


Des the past two years the Bureau of Stand- 





*During the war this work was carried on with various special 
military funds which are no longer available. It is to be hoped 
that the work already accomplished, and the problems which lie in 
the future, are of sufficient value to the progress of the automotive 
industries to justify the new Congress in supplying funds to con- 
tinue the work during the reconstruction period.—EDITOR. 
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Corner of spark plug laboratory. 
glass bell jar used in measuring gas leakage. 


* 





At the left are the pressure tank and the 
At the right are the electric 
furnaces and in the center the instruments used in measuring the electrical 
resistance of the insulator. At the rear are sample plugs and porcelain cups 


devices submitted by the different military branches of 
the Government, together with a systematic investiga- 
tion of the more fundamental problems. Active co- 
operation has been maintained with the Bureau of Air- 
craft Production and with the Navy Department on 
the one hand, and with the Society of Automotive Engi- 
neers and the various manufacturers interested, on the 
other. 

The Bureau of Standards was thus enabled to act as a 
connecting link between the producers and the consum- 
ers, and, being unbiased by commercial relationships, it 
could give to both impartial testing and consulting serv- 
ice. The laboratory facilities permitted the carrying out 
of many delicate measurements not readily undertaken 
by industrial concerns, and much special apparatus was 
constructed for the purpose. On the other hand, the 
difficulties attendant upon factory production were fully 
recognized, and care was 
taken not to carry the 
development of details so 
far as to trespass upon 
the problems more prop- 
erly handled by the manu- 
facturer. 

The experiments and 
methods of general interest 
have been described in de- 
tail in a series of Aeronau- 
tic Power Plant Reports is- 
sued by the Bureau, and 
will be printed in full in 
the Fourth Annual Report 
of the National Advisory 
Committee for Aeronautics. 
They will be referred to be- 
low by their numbers in 
both the A. P. P. series and 
the N. A. C. series.’ 





1A limited number of these 
reports is available for distri- 
bution by the Bureau of Stand- 
ards and will be sent upon 
application to parties directly 
interested in the results. An 
additional supply of reprints of 
the N. A. C. A. Reports wi'l be 
available later. The titles and 
numbers of these reports are as 
follows: [See foot of next page.] 
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The ignition work formed one branch of this general 
investigation, the other divisions being studies of car- 
buretion, radiators, fuels, lubrication, and the effects 
of altitude upon engine performance. It is the purpose 
of this article to outline the various phases of the igni- 
tion work, to show their relations to each other and to 
the general question of engine performance, and to point 
cut some of the outstanding problems which should be 
attacked in the immediate future. 

The process of ignition in an internal combustion en- 
gine is essentially a trigger effect, i. e., a very small 
cause produces a very large effect which bears no direct 
relationship to the magnitude of the cause. Thus the 
energy delivered to the crankshaft of a Liberty engine 
by a single explosion is over 100,000 times the energy 
of the spark which initiated that explosion. 

The problems met with in this work are therefore dif- 
ferent from those usually occurring in engineering prac- 
tice, and instead of studying the changes in one variable 
such an engine power which results from corresponding 
changes in another variable, such as mixture ratio or 
altitude, we are interested only in the effects of radical 
changes in the quality of the spark and particularly 
in the conditions which may determine the presence or 
absence of any spark at all. 

The work therefore naturally divides itself into two 
parts, first, a study of the actual phenomena of the igni- 
tion of a combustible mixture by an electric spark, and, 
second, a study of the apparatus used to produce the 
spark and of the various troubles which are encountered 
in its operation. 


II—IGNITION OF GASOLINE MIXTURES 


Comparatively little work was done on the former of 
these problems, for two reasons. First, a complete 
study of the phenomena concerned would require a very 
long and elaborate research, and could not have been 
completed in time to yield results of any military value 
even if the war had lasted much longer than it did. 
Secondly, the bulk of the experimental evidence available, 
as well as preliminary experiments which were made 
at the Bureau, indicated that there was little likelihood 
of obtaining any marked increase in engine power by 
modifying the method of ignition. 


A.P.P. No. N.A.C.A. No. Title 


12 52 Temperature Measurements in Spark 
Plugs Having Brass and Steel Shells. 

13 56-IT Measurement of Heat Energy per Spark 
of Various Ignition Systems. 

14 54 Effect of Gas Pressure and Temperature 
on the Sparking Voltage of Spark Plugs. 

15 56-1 A Method for Measuring the Heat Energy 
of Ignition Sparks. 

16 58-II A Method for Measuring Transformation 
Ratio and Ccupling in High Tension Mag- 
»netos. 

17 51-IT1 Methods for Tests of Spark Plugs. 

18 53-I Methods for Measuring Resistivity of In- 
sulating Materials at High Temperatures. 

19 53-II Electrical Resistance of Various Insulat- 
ing Materials at High Temperatures. 

20 58-1 The Cycle of Operations of Jump-Spark 
Ignition Systems. 

21 51-11 Gas Leakage and Its Relation to Design 
and Construction of Spark Plugs. 

22 51-1 Causes of Failure of Spark Plugs. 

23 58-IIT The Production of Special Spark Plug 
Porcelains. 

31 57 A Preliminary Report on the Use of Sub- 
sidiary Spark Gaps in Ignition Systems. 

35 53-IV Cements for Spark Plug Electrodes. 

36 Causes of Cracking of Ignition Cable. 





Machine for testing spark plugs for resistance to 
mechanical shock 


The experiments performed along this line consisted 
in measuring the power of an engine ignited by sparks 
of different quality. These types of spark were: (a) 
the usual magneto spark which has an initial current 
of about 0.070 ampere and lasts 0.002 second; (b) the 
same system with an auxiliary spark gap in series with 
the plug (this has the effect of decreasing the dura- 
tion and energy content of the spark to about half the 
former value); and (c) the same system with a con- 
denser connected in parallel with the spark plug. This 
has the effect of greatly increasing the initial value of 
the current but produces a highly damped oscillatory 
discharge of very high frequency lasting only a few 
hundred-thousandths of a second. 

Precisely the same power was obtained from the en- 
gine with each type of spark. This result, together with 
similar data obtained elsewhere, indicates quite strongly 
that the slogan “A spark’s a spark” is a fairly safe guide 
in ignition work. While this is apparently contradic- 
tory to the widely held belief in the peculiar efficacy 
of “fat” or “hot” sparks, it is highly probable that 
all cases of trouble from so-called “weak” sparks are 
really caused by the entire absence or wrong timing 
of the spark. 

The presence of a spark external to the cylinder or 
even at a series gap is no certain indication that a spark 
is produced within the cylinder if the plug is in poor 
condition. There are, however, many interesting ques- 
tions to be settled along this line, as, for example: Is 
a spark of large heat content and long duration bene- 
ficial in cases where the carburetion is poor and the fuel 
is in the form of drops or spray? What effect do vari- 
ous types of spark have on the velocity of flame propa- 
gation in the cylinder? Is there an appreciable time 
elapsing between the passage of the spark and the be- 
ginning of the spread of the flame? A method for the 
measurement of the velocity of flame propagation has 
been developed at the Bureau and will permit a direct 
attack on these problems. 


IlI—STUDY OF APPARATUS 


The second class of investigations, namely, the study 
of various types of ignition apparatus to determine 
the relative merits of those then available and to indi- 
cate the possibilities for improvement, showed much 
more prospect of yielding results of immediate value, 
and the bulk of the work during the war was directly 
or indirectly of this nature. Since the results men- 
tioned above indicated that the engine performance did 
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Fig. 1\—Variation of spark plug voltage with length 


of and pressure at gap 


not depend to any considerable extent upon the quality 
of spark produced, an estimate of the relative merits of 
and improvements in ignition apparatus should ap- 
parently be based primarily upon the reliability of the 
apparatus under service conditions and the ability of 
the system to function even if the conditions under which 
it is required to operate become unduly severe. 

“The proof of the pudding is in the eating,” and it 
is obvious that the reliability of a given make of spark 
plug, for instance, can ultimately be determined only 
from the compilation of accurate statistical data on the 
life and final cause of failure of several thousand such 
plugs in a given type of engine. The securing of such 
statistical data is in no sense a laboratory job and can 
be carried out most easily by the maker, either of the ac- 
cessory in question or of the completed engine. 

Even when a large number of engines are in constant 
use, as at a flying-field, it is no easy matter to obtain 
accurate statistics, and the absence of satisfactory data 
of this nature has been felt throughout the work, even 
up to the present time, as the most serious single limita- 
tion upon the progress of developmental work. 

Laboratory experiments can, however, show the details 
of certain specific types of failure, can determine the 
properties of the materials concerned, and can thus indi- 
cate the magnitude of the factors of safety and lead to 
improvement in materials and design. 


IV—CONDITIONS OF OPERATION 


It became evident early in the work that more definite 
knowledge was needed of the conditions under which 
the spark plugs and ignition system were required to 
operate. Preliminary experiments were therefore made 
to measure the temperature at various points in a spark 
plug while operating in an aviation engine, and of the 
voltage which was required to pass a spark through the 
compressed and heated charge in the cylinder at the end 


of the compression stroke. These experiments are de- 
scribed in detail in A. P. P. Reports Nos. 12 and 14 
(N. A. C. Reports Nos. 52 and 54). 

3iffi, E. L’Elettrotecnica 5, pp. 302, 326, 386, 407, 1918. 

2Armagnat, H. Rev. Electrique 23, pp. 321-333, 1915; Electrician 
76, pp. 865-899. 

Young, A. P. Aeronautical Journal, pp. 142-252, 1517; Automo- 
bile Engineer, March, 1915 

‘Jones, E. T. Phil. Mag., Vol. 36, p. 145, August, 1918 

‘Campbell, N. Phil. Mag., Vol. 37. p. 284 and p. 372, March and 
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The burning gases in the combustion space probably 
reach a temperature of 2500 deg. C., but the duration 
of this high temperature is so short and the frequency 
of repetition of the engine cycle is so rapid that the spark 
plug maintains a much lower and a practically steady 
average temperature. In the experiments the tip of 
the electrode was found to reach an average temperature 
of about 900 deg. C., while the porcelain up in the body 
of the shell was heated to 250 deg. C., and the metal 
of the shell was about 100 deg. C. 

There remains much work to be done on the effect on 
spark plug temperatures of variations in the speed and 
mean effective pressure of the engine and also of the 
temperature distribution in plugs of various types. The 
rate of heat transfer from the hot gases to the material 
of the plug is still unknown and the degree to which 
the plug temperatures can be reduced by increasing the 
thermal conductivity of the insulator is consequently un- 
determined. 

A study of the conditions of temperature, mixture 
ratio, turbulence, etc., under which the deposition of car- 
bon on the insulator will occur and of the effect of vari- 
ous shielding devices on the rate of deposition is also 
of very immediate practical value, but is as yet a virgin 
field. 

The voltage required to produce a spark in air at 
various pressures and temperatures was found to depend 
upon only the density of the air and to be nearly pro- 
portional to the density as shown in Fig. 1. From this 
plot and the known compression ratio of any engine, it 
is possible to estimate the increase in sparking voltage 
resulting from the compression. Measurements with a 
special crest voltmeter of the voltage actually applied to 
the plugs in a Hall-Scott engine while running at full 
power indicated a value of 6000 volts, which is in good 
agreement with the above data. 


V—OUTLINE OF OPERATION OF IGNITION 
SYSTEM 


A second essential preliminary to an investigation of 
the performance of ignition systems is to have a clear 
and definite understanding of the theory of their opera- 
tion. The high-tension magneto and the induction coil 
are exceedingly complex electrical systems, and while 
the general principles of their operation are well known, 
there exists among both manufacturers and users much 
confusion of thought as to the precise functions of the 
various parts. 

This condition is due in part to the fact that the indus- 
try originated with the German Bosch Co. and has 
grown in considerable measure, though with notable 
exceptions, by imitating their designs. Moreover, with 
the exception of several very excellent articles which have 
been published recently by Biffié in Italy, Armagnat* in 
France, and Young’ in England, and the highly mathe- 
matical papers of Jones’ and of ‘Campbell’ there is 
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no published data dealing 
deeply with the subject. As an at- 
tempt to clarify the situation 
A. P. P. Report No. 20 (N. A. C. 
No. 58-1) was prepared which dis- 
cusses in detail the cycle of opera- 
tions of the jump-spark ignition sys- 
tem and gives data showing the 
order of magnitude of the various 
quantities involved. 

The usual type of ignition system 
as indicated in Fig. 2 consists es- 
sentially of an induction coil which 
comprises an iron core surrounded 
by a primary winding of a few turns 
(about 150) of coarse wire and a 
secondary winding of many turns 
(about 10,000) of fine wire. The 
secondary is connected through the 
distributor to the central electrode 
of the spark plug in the proper cyl- 
inder of the engine. The primary 
is supplied with a current (3 to 5 
amperes) either from a storage bat- 
tery or in the case of a magneto by 
induction from the relative motion 
of the core and a permanent magnet. 
When a spark is desired in the en- 
gine, the primary current is suddenly interrupted by 
the breaker and the resultant rapid decrease in the 
magnetic flux through the secondary winding generates 
in it a sufficient voltage to produce a spark at the ter- 
minals of the spark plug. There are two essential char- 
acteristics of any apparatus of this type which must 
be borne in mind in considering its behavior under 
adverse conditions: 

First, with the secondary circuit open, and with no 
safety gap present, the voltage will build up to a certain 
maximum value (10,000 to 20,000 volts) which is deter- 
mined principally by the inductance and capacity of the 
circuits, and no spark will be produced unless the break- 
down voltage of the gap between the spark plug elec- 
trodes is less than this value. A safety gap may, of 
course, limit the voltage to some lower value. 

Second, if the spark plug is shunted by a resistance, 
the maximum voltage obtained across its terminals is 
very considerably reduced, the reduction being greater 
the smaller the shunting resistance. With most of the 
ignition systems studied, the voltage reached was found 
to become less than 6000 volts required to produce a 
spark if the shunting resistance was much less than 
100,000 ohms. 

It may therefore be said that present practice divides 
the burden of supplying satisfactory ignition between the 
spark plugs on the one hand and the magneto or coil 
on the other at the limits just mentioned. The spark 
plug is thus called upon to perform three functions: 
First, to maintain a gap between its electrodes which 
shall have a breakdown voltage of approximately 6000 
volts; second, to maintain an insulation resistance be- 
tween its terminals of not less than 100,000 ohms; and, 
third, to be substantially gas-tight in order that the 
leakage of heated gas through the plug may not raise 
it to such a high temperature as to cause pre-ignition 
of the engine and destruction of the plug. Conversely, 
the magneto is required to deliver at the plug terminals 
at least 6000 volts, at the proper time in the cycle, even 
if the plug resistance is as low as 100,000 ohms. 

In case of trouble with the plug, the magneto or coil 
is required to supply either a very high voltage in cases 
when the spark plug gap has become fouled with oil 
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Group of magnetos submitted for test 


and consequently has a high breakdown strength, or else 
to supply an unusually large current in cases where the 
plug is fouled with carbon. In this latter case, the mag- 
neto must send such a current through the carbon de- 
posit that the product of this current multiplied by the 
electrical resistance of the deposit is at least equal to 
the sparking voltage of the gap. 


VI—EXPERIMENTAL WORK ON SPARK PLUGS 


The possible ways in which a spark plug may fail to 
fulfill its requirements may be enumerated as follows: 


Fouling with carbon deposit causing short circuit. 

Fouling with oil causing open circuit. 

Cracking or breaking of the insulator. 

Pre-ignition. 

Conduction through the insulator. 

Electrical puncture of the insulator. 

Minor troubles, such as warping and corrosion of 
electrodes, etc. 


SPPrerrr 


The relative importance of these troubles depends upon 
the type of engine, and the statistical data available is 
too meagre to admit of a very definite conclusion on this 
point. The experience in the engine testing work at 
the Bureau and performance data obtained from France 
indicate that the order in which they are listed above is 
approximately that of decreasing importance. 

A general discussion of these various types of failure 
will be found in A. P. P. Report No. 22 (N. A. C. No. 
51-I) in which the origin and identification of each 
type of failure is described and possible remedies for 
some of them are suggested. 

It appeared early in the work that there were no 
generally recognized standard tests to determine the 
ability of a spark plug to resist these various types of 
failure, and the first work undertaken was the devising 
of such tests and the embodying of them in specifica- 
tions for the use of the Bureau of Aircraft Production. 

A large number of plugs of different types were tested 
in various ways and the results of the laboratory tests 
were correlated as well as possible with their service 
performance in aviation engines at the Bureau and else- 
where. The results are incorporated in specifications 
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Nos. 28004 and 28017 of the Air Service and the methods 
finally adopted are described in detail in A. P. P. Report 
No. 17 (N. A. C. No. 51-III). 

The tests cover the electrical resistance of the insu- 
lating material while hot, its resistance to cracking from 
sudden temperature changes, its resistance to breaking 
from mechanical shock, and its dielectric strength while 
cold, and also the gas tightness of the assembled plug. 

More detailed studies have been made of several of 
the specific types of failure listed above, which were 
particularly susceptible to laboratory investigation. The 
first of these was the conduction of electricity through 
the material of the insulator. 

It had long been known that ceramic materials when 
heated lost their insulating properties and became to a 
certain extent conducting. In 1916 reports came to the 
attention of the Bureau that spark plug failures were 
setting a serious limit to the design of aircraft engines 
abroad, and that the trouble seemed to be due to the 
conducting properties of the insulators at the high tem- 
peratures encountered in the most modern engines. This 
trouble is frequently spoken of as “cutout.” 

Measurements were made of the electrical conductivity 
over a wide range of temperature of over 100 materials 
from different sources. This included spark plug insu- 
lators of porcelain, mica, glass, quartz, etce., as well as 
a number of porcelains prepared by the Ceramic Labora- 
tory of the Bureau. 

The method used in this work is described in A. P. P. 
Report No. 18 (N. A. C. No. 53-1), and the results in 
A. P. P. Report No. 19 (N. A. C. No. 53-II). By com- 
bining the data thus obtained with the measurements 
mentioned above of the temperatures in spark plugs 
while operating in an engine, one can estimate the re- 
sistance which a plug made of any of these materials 
would have in operation On making this comparison it 
appears that except for the poorest materials tested the 
resistance of the plug would be well on the safe side of 
the limiting value of 100,000 ohms. 

Consequently this trouble can occur only with very 
poor materials, with very weak ignition systems, or 
with engines which are very much hotter than those 
experimented with at the Bureau. Later reports from 
abroad make no mention of this trouble, and its impor- 
tance was apparently much exaggerated. 

The testing of sample plugs submitted by the Bureau 
of Aircraft Production enabled the laboratory to accu- 
mulate data on the gas tightness of plugs of a variety 
of designs. This data has been analyzed and tabulated 
in A. P. P. Report No. 21 (N. A. C. No. 51-II). 

It appears from this work that except in plugs where 
the insulator is moulded between the metal parts there 
is little connection between the design of the plug and 
its gas tightness, the latter depending much more on 
workmanship than on design. Observations at different 
pressures and temperatures show that the apertures 
through which the leakage occurs are in general opened 
up by high pressure and by heating. .For this reason 
the routine tests are made while the plug is heated 
to 150 deg. C. 

Two specific cases of electrode troubles were also 
investigated by the Bureau. In the first of these the 
electrodes in service broke off flush with the tip of the 
insulator. It was found that the cementing material 
became chemically active at the temperature of opera- 
tion and attacked the metal electrode, rapidly eating it 
away. This trouble was remedied by substituting a 
different and inert filling material in the cement. 

The second investigation was on the breaking of the 
side electrode in plugs where it was fastened at both 
ends. Microphotographs showed that prolonged heating 


of the nickel wire caused the formation of films of oxide 
in the cracks between the crystal grains of the metal. 
If the wire is subject to even a very slight tension, the 
cracks sink in deeply and the wire breaks in a short 
time. 

If the tension is absent the cracks extend less rapidly 
and the life of the electrode is prolonged. It is proba- 
ble that the well known slow corrosion of the electrodes 
by the spark is due to this effect, which causes the indi- 
vidual crystals to drop out of the wire as each becomes 
completely surrounded by its oxide film. These investi- 
gations are treated more fully in A. P. P. Reports No. 
35 and No. 54 (N. A. C. No. 53-IV) respectively. 

The most important part of the spark plug work was 
the development by the Ceramic Laboratory of the Bu- 
reau of a new porcelain body for use as a spark plug 
insulator. This work, which is described in A. P. P. 
Report No. 23 (N. A. C. No. 53-III), was begun while 
“cutout” was believed to be an important factor and the 
composition of the porcelain was chosen so as to give a 
high insulation resistance even at high temperatures. 
The various experimental porcelains mentioned above 
were made up with a view to determining the effect of 
various constituents upon the conductivity. 

Measurements were also made of the thermal expan- 
sion over a wide range of temperature, and of resistance 
to sudden temperature changes, in the case of many of 
the bodies. By a careful balancing of the various com- 
ponents and the substitution of stable compounds like 
Sillimanite (A1,0,Si0O,) in place of the free quartz, 
which tends to change its crystal form and dimensions 
at high temperatures, a porcelain-like body was finally 
obtained which could be prepared commercially and 
which was very definitely superior mechanically, ther- 
mally and electrically to any of the materials previously 
on the market. This composition has been made availa- 
ble to the public and is now being produced, with certain 
slight modifications, on a large scale by one of the largest 
spark plug manufacturers in the country. 


VII—MAGNETO INVESTIGATIONS 


The work on magnetos and induction coils has been 
much less complete than that on spark plugs, because 
of the much greater complexity of the subject and the 
less acute need for results. One of the early tests re- 
quested by the Signal Corps was the measurement of 
the energy output of a number of magnetos of different 
types. 

The measurement of power electrically at the high 
voltages occurring in ignition systems is a rather diffi- 
cult and delicate operation, but it is fortunately very 
simple to measure the same energy in the form of heat 
after it has been dissipated in the spark. Accordingly, 
as a preliminary to a more complete study of the subject 
a number of calorimetric measurements were made of 
the heat energy of the spark delivered at various speeds 
by the ignition system submitted. 

The method used in this work is described in A. P. P. 
Report No. 15 (N. A. C. No. 56-1), and the results 
obtained are given in A. P. P. Report No. 13 (N. A. C. 
No. 56-II). The apparatus consists essentially of a 
hollow block of copper containing the spark gap. The 
rise of temperature of the copper which results from 
the passage of a known number of sparks is noted and 
compared with the rise produced by dissipating a known 
amount of energy in a heating coil, which is also en- 
closed in the block. 

From this comparison the actual heat per spark can 
be computed in absolute measure. In considering these 
results it must be carefully borne in mind that the heat 
content of a spark is by no means a direct measure 
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of its igniting power and that it is only one of many 
items to be considered in judging the relative merits 
of different ignition systems. 

Extensive oscillographic tests have been made on a 
number of magnetos to determine the instantaneous 
values of current, voltage, etc. during the operation of 
the machine. The wave forms obtained include the pri- 
mary current on short circuit and the voltage on open 
circuit, together with the instants of opening and closing 
of the breaker. Also the primary and secondary cur- 
rents and the primary voltage while operating normally 
have been recorded. 

The oscillograph vibrator is not quick enough to indi- 
cate accurately the exceedingly rapid building up of 
voltage just after the primary “break,” but the other 
features of the operation are brought out very clearly 
in the photographs. 

Owing to the expense of reproducing the photographic 
records, copies of these oscillograms, which constitute 
A. P. P. Report No. 28, are being sent only to the manu- 
facturers of the particular machines tested and to a 
few officials of the War Department. The results of 
measurements of the films are, however, being incor- 
porated in other reports such as A. P. P. Report No. 20 
(N. A. C. No. 58-I) dealing with various phases of the 
subject. 

In interpreting the oscillograms, it was found desira- 
ble to know the ratio of secondary to primary turns in 
the particular coils tested and the combination of cir- 
cuits described in A. P. P. Report No. 16 (N. A. C. No. 
58-II) was devised to measure this ratio. 

A considerable amount of work has also been done to 
develop methods for measuring the intrinsic constants 
of ignition apparatus, such as the electrostatic capacity 
of the secondary winding and the eddy currents in the 
core. It is hoped that the combination of quantitative 
data on these effects with a fairly simple mathematical 
theory of the electrical oscillations involved will enable 
the design of ignition apparatus to be put on a more 
scientific basis. 

A comparison of the present empirical practice in this 
industry with the high degree of refinement attained 
in other branches of electrical engineering, as for exam- 
ple the design of power transformers in which the per- 
formance can be determined to a fraction of 1 per cent, 
indicates a wide field for advancement. 

The various phases of this subject are so closely inter- 
locked that the entire field must be worked out as a 
unit and consequently no partial reports have as yet 
been issued covering this part of the work. 

The insulated cables used, to connect the spark plugs 
with the distributor occasionally give trouble after con- 
siderable service by cracking of the insulation. This 
trouble usually occurs where the cable has been bent 
at a sharp angle. 

At the request of the Bureau of Aircraft Production, 
this effect was investigated and the results were reported 
in A. P. P. Report No. 36. It was found to be due to 
a chemical attack on the rubber by ozone, which is in 
turn produced by the silent electrical discharge which 
occurs at the surface of the cable. 

This chemical action is normally uniformly distributed 
and very slow, but, if the rubber is under tension as 
at the outside of a bend, the layer of oxide is pulled 
apart, continually exposing a fresh surface. This causes 
the cracks to sink rapidly into the material, until the 
insulating wall becomes so thin that it is punctured by 
the igniting voltage. The remedies for this trouble are 
the use of rubber compounds which are least susceptible 
to oxidation, the use of an impregnated air-tight braid 
and the avoidance of sharp bends in the wiring. 


The problem of satisfying the requirements of igni- 
tion systems may be attacked, not only by the direct 
method of using an efficient and powerful source of 
energy, but also by the use of certain auxiliary devices 
which tend to produce the desired qualities of high volt- 
age or large current. 

The simplest of these for firing short circuited plugs 
is an auxiliary spark gap connected in series with the 
spark plug but external to the cylinder so that it will 
maintain a perfect insulation and definite breakdown 
voltage. Such a gap prevents the leakage of current 
across a fouled spark plug and permits the secondary volt- 
age of the coil to build up in a normal manner. When 
this voltage becomes equal to the sparking voltage of the 
auxiliary gap, the gap breaks down and this full voltage 
is suddenly impressed on the spark plug, producing a 
spark at its gap also. 

It has been found possible with this device to pro- 
duce regular firing in an engine with a plug shunted 
by a resistance as low as 5,000 ohms, which is a very 
material reduction of the limit of 100,000 ohms specified 
above. Unfortunately, manufacturers of this type of 
device have brought it into unmerited disfavor by mak- 
ing impossibly extravagant claims for it in their adver- 
tising. A. P. P. Report No. 31 (N. A. C. No. 57) contains 
a discussion of the theory of this type of circuit and 
the results of trials of it in the laboratory and on 
engines. ; 

The Lodge high frequency system is closely analo- 
gous to this series gap circuit, although the auxiliary 
gap is in parallel with the coil rather than in series, but 
is equally effective in firing a heavily shunted plug. The 
Dean high frequency system on the other hand is in- 
tended to supply a high voltage to overcome trouble 
trom coating of the plug terminals with oil. The use 
of high frequencies permits the generation of very high 
voltages with a moderate number of turns, and it seems 
probable that further developments in ignition apparatus 
may be expected along this line. 


VIII—SUMMARY 


The foregoing outline of the ignition work at the 
Bureau of Standards has indicated the scope and pur- 
pose of the work. It has included a brief study of the 
effects of various types of spark discharge upon the 
power developed by a gasoline engine, and has indicated 
the conditions of temperature and voltage at which a 
spark plug is required to operate. 

The cycle of operations of the jump spark ignition 
system has been discussed in some detail, and typical 
values of the various quantities of importance are stated. 
Standard methods of tests and specifications have been 
developed for spark plugs and a new porcelain body 
has been developed which is superior to those previously 
available for use in spark plug insulators. 

Certain specific troubles, such as cracking and corro- 
sion of electrodes, have been studied. Calorimetric meas- 
urements have been made of the power delivered by 
various typs of magnetos and extensive oscillographic 
tests have shown in detail various phases of operation. 

A peculiar type of failure of the insulated cables con- 
necting the spark plugs to the distributors has been 
studied, and tests have been made of the feasibility of 
the use of series spark gaps in firing fouled plugs. 

It appears that from the above discussion the useful- 
ness of the laboratory lies principally in studying specific 
difficulties, which experience has shown to be serious, 
in testing the properties of materials, in developing sat- 
isfactory standard methods of measurement, and in ad- 
vaneing the more theoretical side of the subject by 
fundamental research. 
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Specifications of Stock Engines 


N the following table are given the specifications of 96 

models of automobile, truck and tractor engines now on 
the American market, the product of 34 different makers. 
The piston displacement ranges from 86.6 cu. in., which 
is only little beyond the motorcycle size, to 1344 cu. in., 
which is about the limit of size used for heavy tractors. 
This table should prove handy to manufacturers and en- 
gineers in search of an engine of a given output and 
certain characteristics. 

The table also is instructive as regards trends in de- 
sign. In view of the fact that some people have been in- 
clined to regard the 4-cylinder engine as obsolete, on ac- 

count of its limited use in passenger car models, the very 

strong representation of the four-cylinder type in the 
table is certainly interesting. Of the 96 engines listed 
77 are of the four-cylinder type, while the remaining 
19 are divided between 2, 6, 8 and 12-cylinder types. 

It will be noticed that block casting of cylinders is be- 
coming a very common practice, except for the largest 
bores. Although the practice of making cylinder heads 
detachable is rapidly gaining ground, there is still a 
goodly number of engines with integral heads. Some of 


the engines listed have been on the market for a number 
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Continental 7S 6/3! 4x4) 2214.0/B..\ Ye R 13 
Continental 9N |‘ ( x5'- | 303.11B../No.. IR rr I 
Doman ey EP 4 | 134x6 25.3/P..| Yes. .|Opt 23. 
Doman Tr $|5 x7 791.6) 3..|Yes..jOpt 23 
Elbridge T..Tr.| 4 sx4 176.7\B..) Ye I 
Erd T-TU Tr t/t xf 301.7/B..|% i 13, 
Erd CA\Tr $f tl. x6 381.7/B ve 1 2} 
Erd CA\Tr $ | 135x6 25.2|/B..)Yes..|4 2 
Falls N 6 |3 x4 180.2)B..' Yes. .|H 1, 
Falls RC 6 13! ¢x4! 195.6)B..) Yes. | 14 
Fa ls RI“ 6 | 3x4! 195.€'B..| Yes. |H 114 


Explanation of abbreviations 
which reference is made. 


Numbers in brackets indicate the column to 


(1) € Car; T Truck; Tr Tractor. 

(5) B Block; P Pairs: 8S Singly. 

(7) H Head; R Right: L Left; Op Opposite; SI Sleeve. 
(10) R Roller; M Mushroom, 


vIn. 


Valve Lift, 


of years, and a change from integral to detachable head 
not only involves a complete redesign of the cylinder 
block but the making of complete new patterns and core 
boxes and extensive changes in manufacturing equipment. 

The L-head type of cylinder predominates, but the 
valve-in-head construction is well represented and is pre- 
ferred by many designers of kerosene-burning tractor en- 
gines. Mushroom cam followers are much more numer- 
ous than roller type cam followers, the two types being 
represented in about the proportion of 2:1. 

The table shows that although there are more en- 
gines in which the cylinder axis intersects the crank- 
shaft axis, the practice of offsetting the cylinders is 
pretty well established. In this connection it must be 
remembered that off-setting is of greatest advantage in 
a low-speed engine and a rather large proportion of the 
engines covered by the table is of this type. 

As regards intake manifolds, the majority of them are 
separate from the cylinder block and head casting, but 
the integral manifold is not greatly in the minority. 

Most engines are designed for pump circulation of the 
cooling water and a centrifugal pump for the purpose 
comes with the engine. 


‘ 


| & ~ 7 oe 7 3 
i. c (chee e S = ee i|Sdiae| = ie 
o | Se e|s is ad eis Seen | 2 Is 
zs |e e isi 8 2 be oo © Oa je le Sis 
eo} «+f = |] & £5 € £ 7) i SEmi/ sh) oe b4 
|=) ee ~/|/e|/~"7@)es> = = les 22 /6.2/ 39-8 =< i+ 
| ,© o_ = o|} ft = ¥ vw io j = = rt es a =w 
pS) eel] & is/ el] ef] 2- eV /& _/e- Ssiis| 5 ise 
E | 9's oy SEi/es|celge wl) e Sen | ly — 
e/OS) 3 [S/S | se] 8S | §2 (2S /SF)s8 (5%! = lo 
IS(BSi gs S| F/B so (es l/E | Ssl/SBl SE] & [sa] 
| oe] 3 - o|* ¢ c seis eo} = = 
e/ €2/ 2 [215/28 | 3 | ge) oh) sh es ia | 
alis2}) & ein|s&ia € «le 2elide. & is 
= E ba i. |sSo} 2 es |3 
> on” } 5 - woe, | WO be = lesicé = 
ra |} 2 | «= . r= ~s ic izes ae Zz 
= z : x Fy = | se}.se) a 
¢ => |= onl = = /5- 
| 
10 11 12 }13) 14 15 16 17 18 19 20 21 22 | 23 | 
R 1 Yes 12 2° 2! 234 ons 4 4 
R 1 | Yes 121, | 2 Qi, | 23, | 21 ) 3 
19.2 ) No 4.38 | 6.20 | 12 2 l A 13, 12 } 
M 15.1 5 Vo 2.80 $06 I1', 1% li's 2 l 3 
M 17.41)5 3 INo. | 3.22 | 4.06 | 11% | 17 14, | 2 17 3 
M 23.0) 5 3 No. | 4.05 | 6.25 | 12', | 23 iy | 2! 2! 3 | 
M 26.0 5 3 No. 4.62 | 6.25 }2! 21 |! 2! yA 3 
M H.0 1) 5 $ No. | 3.48 96) 11 2 iy 2s l‘s 3 
M 20.2 | 5* 3 INO 4.88 | 6.14 11) 2! lie 2 1*s 4 
M 24 No 9.16 | 6.14 11° 4 lis 23 1? 5 
M. | 25 ( o. | 5.16 | 7.18.| 18%4 | 2144 11413 314 3 
M 0 Vo I! 23% 13 3) 2! 5 
M 9 t No I 2 13 3! 2! 5 
R 28.7 | 554) 3 No 5.£0 } 5.12 12 JI, 1'4 | 23, 2 1 ) 
R 31.8 | §! 3 1No §.62 | 5.12 | 12, 1 1! 234 | 2 21 
M 5 ; 3 INo..| 7.13 ; 8.50 | 13 a). | 8} 3 ou, | 3% | 3 
M 7) a 3 INo..| 7.13 | 8.50 | 13 254 13 ; PI, | 2 ; 
11 1M 14.1 | 334 | 3 |No..| 2.84 | 3.75 | 10! Hy | 1 | 2 | 2 3 
1 1M 16.7 | 334 | 3 jNo..| 2.98 | 4.00; 10! 1! 1% | 2% | 17 2! 3 
M 22.0 | 5'4 | 3 Ne 3.98 | 4.60) 11 13 Igy | 244 | 2 21 3 
M 22.0 | 4! 3 |No..; 2.85 | 4.20 | 10! 1 Iss | 245 | 2% mM, | 3 
1s IM 27.6 | 55 3 |No..| 5.34 | 6.450] 11 21 lise | 3 24412 3 
11 1M 27.61 55 3 |No..| 5.34 | 6.50 | 11 241 1% | 3 2', | 2! 3 
R. 35.9 6! 3 |No 7.32 8.50 I! 2! 1% | 3 2 21 3 
M 10.8 | 316 | 3 |No 2.00 | 2.44 | 8. 1! te | 2 | 21 3 
1, 1M 15.7 $! 3 No. 10 3.44 | 10! I! 1s 1 2 2 3 
M (5% No..| 7.50 | 6.50 | 12! 2 Q'4 ] 24 | 244 | 244] 3 
\ 71, | 3 |No..912.25 111.25 | 14 1 1 | 3% | 285 | 234 | 5 
33, | 3 INo. att Rela 1! 3 
| 
M | 25.0 | 4% No..| 3.88 | 5.62 | 19% | 2% | 155 | 234]2 | 2 3 | 
M 30.5 | 6 3 |No. | 6.00 }10.00 | 12! 2% | 1! 3% | 23 2lo | 3 
M 34.0) 6 No..! 6.00 |10.00 | 12! 21 1! 3% | 23 21 3 
7.9 | 3) 3 INo..| 1.94] 1.75 | 8! : + | 154 | 1% | 17 3 
8.6! 3h. No..| 1.94 | 1.75 SI! ‘ s | 1546) 1 17 3 
8.6 | 315 | 3 INo..| 1.94] 1.75 S!, by 34 115%] 1 17 3 
(29) I Integral: S Separate. 
(30) C-P = Centrifugal Pump; Th = Thermo-Syphon; G-P Gear 
Pump: Opt Optional. 
N-C Non-Circulating Splash. 
(31) S-P Splash-Pressure; C-S = Circulating-Splash; Pr = Pressure. 
(32-55) A Aluminum; I Iron: S-S Semi-Steel; P-S Pressed 
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June 12, 1919 
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Pressure lubrication has greatly increased in popu- 
larity of late years, mainly in connection with the use of 
engines for tractor work and similar heavy duty. Non- 
circulating systems, which some people consider essen- 
tial with kerosene-burning tractor engines, are still very 
rarely found on engines of this type. 

A certain number of engine cylinders are cast of semi- 
steel, which, as is generally known, consists of gray iron 
to which a certain amount of steel scrap has been added. 
This addition of steel no doubt will change the physical 
properties of the metal in certain ways, notably by ren- 
dering it tougher, but it is a question in the mind of many 
engineers whether it will increase the resistance of the 
metal to abrasion; in other words, whether it will increase 
the life of a cylinder used as cylinders are used in trac- 
tor service. 

It is noteworthy that no aluminum pistons are used in 
stock engines. Wherever the material of the cylinders is 
semi-steel, that of the pistons is the same. 

Governors are fitted to practically all engines used in 
tractor work, but some manufacturers of these engines 
leave it optional with the purchaser what type of gov- 
ernor he should use. 
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AUTOMNOLILE 


|Passenger Cars, Trucks and Tractors 


More than half of all the engines are adapted for 3- 
point support, and the great majority are of the unit 
powerplant type. 

With very few exceptions, the manufacturers of en- 
gines were quite frank about the weights of their ma- 
chines, and this tabulation for the first time affords the 
opportunity of deriving the average weight of engine per 
N. A. C. C. horsepower, or per cubic inch piston displace- 
ment. There would be absolutely no use in taking aver- 
ages for all of the engines, as the relative weights of 
passenger-car and tractor engines are quite different. 

Chain drives for the camshaft and accessories drive 
shaft are not numerous. Their advantage being greater 
silence, and this having to be purchased at the price of 
greater manufacturing cost, one would expect to see the 
chain only on engines designed for passenger-car use. 
As regards designs of bell housing, it is interesting to 
note that while the S. A. E. standard housings are not 
universal, they are the next thing to it. 

It will be noticed that the term “optional’’ occurs 
rather frequently in the table. This shows that the en- 
gine builders are willing to meet the desires of assemblers 
where this can be done without too much trouble. 
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| “S | | | E E | | Ss ls e | e | | @ | B | al -—-i/s | os | 
si/elli3 |8l]e2leeitti- i/o! . le lz8 i 2 [2 1& lalale (2ldid| £ | 
27/2/S/=,) E12  2blezi. (2) F [eee H Eg [S [Se SEE Fels) F 
;2; El els et) 2 es (2818. 2] £ [sted 1S Is [= JEISle (Sle el] = 
| i erlesis%5 - | 2 (Ele) elect (MIS i2ze/ lel ew! 
3S = > 2 aa Ss | 22 | ao 20 oe | a=) |; SG. BO is £2 = =] ~ <£ S| eis = 
| é | 3 /23| = | = |}€9\/22.)52 €) 8 ‘ee Sea] SS | 2S] 5) 3/ = sa\2\s a/ © | MAKE AND 
oO oe | lS | _ ss | Fu = | Ok | = ve oe S| LT o~ SL z ee ies RS 3 | - | 
is | 2] 2/25) 2] 3 |szlssle | ¢ | £ | dsiss | 2 [2 [2 jf/ie lelsl2l 3 MODEL OF 
| % 4 © 8 i oe ft se boa S mo 3 | cs z= = = fee ° ras = a = om | 
| = = | & = | | “he ¥-) & is = rs 2 : 
(= /3)/2/8 | S| = [27 | Se) * }2 [SS] E [E/E |klaie |el|sla) § ENGINE 
| | is rear |= iz ) 6 |6 Je ie hol tee = | 
| | | | | | | | | H 
| = | = 5 oe os en eee —— | 
| | | | 
| | | | } | | 
} | | | | 
| 30 31 32 | 33 | 34 35 | a ee | 38 39 | 40 41 42 43 44 45 46 | 47 | 48 49 | 50 | 51 | 52 | 
| | | | | 
CoP. IS. ISSe IS-S...|S-S | 1200 | 800 Yes... |Own 35 | 1000 |20-1734| 3834 | 3632 IG. 3-4 |Yes.|Yes.|2,S.A.E...|/Beaver............. JA 
C-P. |3-P |S-S.. I [S-S...|5-8...] 1200 | 800 | Yes... .}Own ..| 40%6 | 1000 120-1734] 3834 | 3632 IG.. 3-4 |Yes./Yes.]2,S.A.E...|Beaver.............. JA 
| | | | 2 | 
\c-P los JA. lA. iI I | 1400 | 900 |No.. | 30 580 25 36 mS 16... 4 |No..|N 
| 
Th... .jC-8...|I II iI iI | Opt... & 640 | 26 3135 | 323% |G... 3 |No.. 
Th... |C-8...|I iI ii I | Opt... \Opt..... 640 | 26 | 313% | 3248 |G... 3 |No.. 
IC-P,. |Pr i l] I I Opt... jOpt..... 725 2534 | 3344 | 387% |G.. 3 INo../Y 
\C-P...|Pr I l] I I Opt... Opt... 725 | 2534 | 3312 | 383, |G. 3 |No.. 
IC-P.. .IC-S.../I i Iss I Opt... Opt..... 745 26 3414 | 383% |G... 3 |No..1Y 
IC-P.. .|C-S...|1 {I ISS. .-|I Opt... Opt. 730 | 26 3414 | 3895 |G... 3 INo.. 
iC-P....1C-S. il IS-S.. {I Opt... Opt. 715 26 3414 | 3876 |G... 3 |No.. 
|c-P...|Pr.. I iI I I Opt... Opt... 258, | 36¢5 | 553< IG... -¢.. 
C-P...]Pr....|I {I I I Opt... Opt... 2834 | 4015 | 6214 |G. 3 
C-P.. .|Pr I ! |! {I Opt... |Opt. 2834 | 4014 | 6214 jG. 3 
| : : { 
C-P.. .|Pr I iI S-S S-S 1400 | 1000 |Yes...|F-B.. .|600-1000} 40 900 21 35 4134 3-4 |Yes.|Yes.|2-3,S.A.E.|Chief................ F 
C-P...|Pr....}I iI = Ss 1400 | 1000 |Yes...|F-B.. .|600-1000} 45 925 | 21 35 4134 3-4 |Yes./Yes.|2-3,S.A.E.|Chief................ B 
| i 
-P...|Pr {I IT ISS. . {I 900 | 600 |Yes...|F-B.. .!Opt. 40 1150 24 3934 | 4719 |G. ee ee. ee Climax - : 
‘-P...]Pr I iI |S-S I 900 | 600 |Yes...|F-B...|Opt... 40 1150 24 3934 | 4719 |G.. 4 |Yes.|Yes.}2,S.A.} Climax _.KU 
| 
\Opt.. . |S-P A. P-S.. .|I I 1800 900 |No. 2814 450 2414 | 303¢ | 35 G. 3 |No..|/Yes./Own Continental........... N 
i( 3 44 ‘ Ay = = =. pe 2439 308% | 35 G. : a _ — a Patent mites N 
C-P.. .15-P ! -S 0 950 |No. 3516 | 586 2414 | 3034] 35 1G. 3 |No../Yes./Own ontinental.......... C2 
=P... .|5-P A. A. I I 1600 950 No. ee 3714 560 2414 | 3036 | 35 G.. 3 |No../Yes.|2,8.A.E...|/Continental. .... oa toe 
*% ue + > 1300 900 9 44 650 27 327% | 4114 |G. 3 ig Sa 2,8.A.E...|Continental..........E4 
pls 1300 | 900 |No 44 660 27 32% | 411% |G... 3 |No..|Yes./2,S.A.E...|Continental.......... E7 
C-P.. .|Pr A. 4. I I 1300 | 900 |Yes...|Cent 5516 | 1016 27 3442 | 4676 |G... 3 |No..|Yes.]1,S.A.E...|Continental.... ..B2 
Sa 44 I a 2100 800 ~ 42 575 2415 2734 | 395% |G.. 3 |No.. 0 3,8.A.E...|Continental. . . 7W 
|C-P.. .|S-P A. 8, 2000 800 |No 55 600 2534 292 4125 |G.. 3 |No..|Yes./3,S.A.E Continental......... 9N 
-P,..|S-P...|S-S...|I I I 900 | 800 |Yes...|F-B. 5 950 | 26 3314 | 45 |G. 3-41Yes.|Opt.|Opt....... ee 
i-P.. .|S-P.. .|S-3 I I I 700 700 | Yes F-B. 50 1450 32 42 5614¢ 1G. 3-4 /Yes.|Opt./Opt....... a 
Opt... |C-S i] I f. I Yes... |Suet 1000 323 17 2214 | 3334 |G 3-4 | Yes./ Yes.}/4,S.A.} ID ose GaSe cae wre’s 
C-P. 5 S-S I Iss S-S 1000 600 |Yes.. .|Cent Sate 35 755-827) 2314 3514 | 4076 |G. 4 /Yes.j/Yes./3,S.A. .../Erd. T-TU 
4 = |S-S S-8 S-S = a ies 44 = ial eee 24 431¢ | 4614 |G.. + —_ ay 1-2, 8.4." | ee CA 
C-P. .|Pr....{8.S. S.S.../S.8. 95 ves °-B. 90 Ng ERE? 24 431l¢ | 4610 |G. ..138- ves.| Yes.|1-2,S.A.E..|Erd. ..CA 
Th... .|S-P.. JI I [ I 2100 | 2000 |No... 24% | 430 | 27% | 2838 | 38,% |G...]... 3 No.) ¥es:/4,S.A.B.. tRelle. cic. ccccsccen N 
iy ae a if. iI I I 2100 | 2000 |No... 25 425 2614 2818 | 383% |G...|.. 3 |No../Yes./4, S.A.F SS See R 
Th. Pr ws iI I I 2100 | 2000 |No.. 25 425 2614 | 2848 | 38;% jG... 3 |No../Yes.!4,S.A.} Eo iow basen Ri 
| | 
(46) G Gear; C Chain, ac. HO, Y'PU—Front, 2% 1m.; center. 214 in.; rear, 2% in. 
(47) S Silent. \ ATU, BTU—Front. 2% in.; center, 2% in.; rear, 2% in. 
(48) A Adjustable; N = Non-Adjustable. +Wisconsin model RBU crankshaft diameter: Front, 214, in.; center, 2 5/16 
*Buda crankshafts are of the following diameters: in.; rear, 33¢ in. 
Models RU, WU, TU, QU, OU—Front, 1°, in.; center, 2 in.; rear, **Other intermediate crankshaft bearings are of similar length to first 


2% in. 


intermediate, 
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= £ 
5 |§ = s 
i. wy oS a 22 a $% = 
MAKE AND fa |Is| F o  |sixce| * 
25 : s as |=|.* HS 
~ e ry - |s/28 m4 
MODEL OF am q E 5 > z = 
ENGINE 3 z i 3 
- 2 
1 2 3 4 5 6 7 
Dy axiieececs C\Tr.......| 4 ]4!4x6 | 381.7)B../ Yes. .|H 
.B.&S siC.,T., Tr.| 4 |334x4!4] 187.7/B..] Yes. .|R 
é Bas aientes AAIC.,T., Tr.| * 1334x5 | 220.9/B..]No...JR 
Rs cvaweresen |; nee 4 1314x5 | 192.4/B..]Yes..JH 
i C Tr| 4 13'4x5 | 165.91B..] Yes. .}R.. 
Herschell-Spillman ..2700|C., T., Tr.| & |? 4x9 | I 
Herschell-Spillman. .6500|C.,T., Tr.| 8 |3!4x5 | 331.8/B..|No.../R.. 
les... C2|T., Tr....| 4 |334x5%4] 226.4)B..] Yes. .)R 
= tad CUNT. Tr....| 4|4 5%) 257.6)B..] Yes. .)R 
Hercules..... M2\T., Tr.. 4 14¢x5lo] 312.0)B. Yes. .|R 
Hercules... TIT.. Tr....| 4 |434x6 | 425.3/P../Yes..1R 
Hinkley . -HAAIT., Tr. $ 1334x514] 231.9/B..] Yes. .JR 
Hinkley HAAIT..Tr....| 4] 4 x54] 263.9/B..]¥es. JR 
Hinkley HAIT., Tr... .| 4 | 414x5!4] 349. 9/B../Yes../R..... 
Hinkley. BIT., Tr. £14 4x6 | 425.3/P../Yes../R.... 
Lewis AAG,C 6 1314x5 248. 9/B..) Yes. .|R.. 
i ciciareves HIT., Tr. 4 1314x414] 149.3]B..]Yes..]R..... 
Lycoming........ ac..T.. 4 1314x5 | 192.4)B../Yes..|R..... 
Matthews...... FIC.,T., Tr.| 4 [314x5 192.4/B../ Yes. .JH. 
North American op me 2 £ 1334x416 198.8 P..|No.../L.. 
North American. . Call., Tr. 414 x4! 226. 21P..|No...}L 
North American. | 4 143¢x6 360. 8)P..]No.. .1I 
line-Knight........G/C.. 414 x6 | 301.6/B../Yes. .{SI 
a eeine-Knicht : .. WIT. 4/4 x6 301. 6/B..| Yes. .|Sl 
Moline-Knight........ E/T. 41/4 x6 | 301.6)B../Yes..|3l 
Pittsburgh...........84)T... 413 x414} 127.2/B../ Yes. .JR 
NR csc ccwces: AAITr. 4 1334x434] 209.9]P..)No...|L 
Red Wing. lies ..F/Tr 4144:x5 | 259.2/B..|No...|L 
eer B\Tr. 4 1416x5 | 318.1)B..|No...|L 
Reliable....... .EE\Tr.. 2 5 x5 196.3)S..| Yes. .|H 
Reliable... paces .OO|Tr.. 216 x6 | 339.2)B../Yes..|H 
Reliable.......... MMITr.. 2 1914x10 |1344.0)5..| Yes. ./H 
Rutenber............38)T., Tr. 4 1414x514] 294.0)P..|No...]R..... 
Suteaber. i 40|T., Tr. 4 434x534 330.7|P..|No...]R 
0 ae - 1 4 1314x5 | 192.4)B..|Yes..|R-H.. 
| Ere DIC 6 1314x414] 224.0/B..| Yes. .|L-H... 
_ ACIC., T., Tr.| 4 1314x5 | 165.9/B..] Yes. .JL..... 
eS i2Alc...”...|12 |214x5 | 204.51B..l Yes. |InV.. 
Supreme _ A2ZAIC....... | 12 12345 | 356.4)B../ Yes. .jInV.. 
Rr IQHIC........] 6 |32¢x5  | 230.1]B../Yes..)R..... 
Teetor eeewedes ~ -SaOr 6 }416x6 | 572.5/B..|No... Opt.. 
, . Serrerrrry. 100}C 6 315x5 288.6)B..|/ Yes. .)R..... 
Ga 101|C 6 1314x5 | 288.6)B..|Yes..|H.. 
Universal. ..... Cc, 4 |25¢x4 86. 61B..1 Yes. .| 1 
Waukesha..... -BX!T., Tr....| 4 1334x544] 231.9)B../ Yes. .|R 
Waukesha... RIT., Tr. 4 1414x534] 326.3/P..|No...|I 
Waukesha. PUTIT.., Tr. 4 1434x634] 478.4]P..|No...|I 
Weide'y ..... mal’ r. 4 133(x514| 242.9)B..] Yes. .|H 
Weidely M)Tr 4 33 (x5 242.91B..1Yes. JH 
} 
Wisconsin...... QU|T., Tr. £ 1314x5 165.9/B..}Yes. .|I 
Wisconsin CAUIT., Tr. A 133¢x5 220.9)B..|No.. .jI 
Wisconsin... EAUIT., Tr. £14 x5 251.3)B..|No...}L. 
Wisconsin. . TAUIT., Tr 4/4 x6 301 6)B. Yes. .|R. 
Wisconsin UAU|T., Tr t 1414x6 | 340.41B. R. 
Wisconsin VAUIT., Tr... .| 4 |4!4x6 | 381.7/B..| Yes. .|R. 
Wisconsin GIT., Tr... .| 4 |434x5 389.9] P..|No...|/Opt 
Wisconsin RAU|T., Tr. 1 A4x6 | 425 3/P..] Yes. .|R... 
Wisconsin RBUIT., Tr. | 4 x6 | 471.2)P../Yes. .jR. 
Wisconsin - DIT. Tr. 4 5! — | 606.1|P .|No...|Opt 
Wisconsin MIT.. Tr. | 4 5 7 727.1)P..1No Veg 
Wisconsin K/T., Tr. | 6 |5'4x7 909. 1}P..|No.. .jOpt 
Wisconsin P/T., Tr |} 6 |534x7 | 1090 oF. No... |Opt. 
| | | | 


Explanation o 


(1) C Car; T Tr 

(5) B = Block; P 

(7) H = Head; R = 
(10) R = Roller; 


f abbreviations: 
which reference is made. 


uck ; 


Pairs; 8 
Right; 
M = Mushroom. 


Numbers in 


brackets 


Tr = Tractor. 


= Singly. 
L = Left; 


Op = Opposite; 
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Sl = Sleeve, 















































Pump; Ont Optional. 
(31) S-P = Splash-Pressure; C-S = Circulating-Splash; Pr = Pressure ; 
(32-35) C = Non- -Circulating Splash. 


A os I=Iron; S-S = Semi-Steel; P-S = Pressed 
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os z|'s ; |] ¢ : a ~| wo 
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z : si eS] ele] al &z S/F |SS/LSEISE] 5 |sa 
3 _ ° ©e 3 si els5/s 3 v seolsa © 5 s ié — 
on. x. ei 83/8 [leis] ecie <s c= = s 2 4 . 
£ S/ ZS)" (8/2 SEE 12 le le (S898) 812 |e] 2 ls 
d - | 3% zisis"|s | 2 |= 16 |BF/8e/ 8 lz |} ss] sls 
- ze |F |4 |e Fal5- Siar 
8 9 10} 11 | 12 |13) 14) 15 16 17 | 18 | 19 | 20 | 21 | 22 | 23] 24 | 25 [26 
24 Ss R...] 41.4 110 3 |No..| 4.00 | 5.00 | 12 2 14] 2 3 2 315 3 5 
154 ay -| 11.7 | 343 | 3 |Yes.| 2.81 | 1.69] 7 14] %]2 144]/15%] 3] 3%] 2% 4 
1} ii M.:} 12:7] 334 | 3 |¥es.) 3.06 | 2.25] 10%] 16/1 | 2&1 17%] 2121 3 | 3] 213 Is 
1% os M..| 14.3 | 435 | 3 |No..] 2.64] 2.84] 9144] 186] 7%] 2 134 | 2 3 | 234 | 2 33% 
lis is M..| 9.1] 314} 3 |No..| 2.08 | 3.00] 11 1144] %]2 2 $ 214 a) 
lis i .ee-f 9.1] 3144] 3 [No..} 2.08 | 3.16 | 11 14] %l1%11%) 2 313 3 3% 
. 13, E. 144 a M..| 13.4] 418 | 4 /Yes.] 3.75 | 5.00 | 11 134} 1%| 2%] 2 2 5 | 214 |**134 13% 
134 a M..} 14.3 | 412 | 4 /Yes.] 3.75 | 5.00] 11 14%} 1%] 2%] 2 2 5 | 236 |**134 1354 
it 13 M..] 19.0 | 54% | 5 /Yes.| 5.25 | 6.50] 12 143] 14% | 244] 2 2 513 |;**2 [4% 
2% ee R...] 25.8 | 614 | 3 |No..| 6.50 | 7.50 | 1344 | 2% | 1341 3 2361 5 5 | 21% |**2% |4 
134 . 2... 434 | 3 INo..| 6.44 | 5.75 | 11144] 134] 1%] 24%]2%] 2%] 3 |2K%13 3 
134 Sy = 434 | 3 |No..| 6.44] 5.75 | 1114] 134] 1%] 241 2%124%13 12%13 3 
2 ee = 5144 | 3 |No..| 7.25 | 7.50 | 12 174 | 114 | 214 | 2% | 23g] 3 | 2%] 3% [9% 
2:8 re =» 6% | 3 INo..} 8.00 | 8.38 | 1314 | 2144 | 13413 234 | 21441 313 4 4 
154 Ss M.. t 3 |No. 914 , 
134 sy M..| 12.7 | 414] 3 |No..| 2.00 | 2.68 | 9 144| 34] 2 134] 1%] 2 | 23% 2% 
1% 19 M..| 14.37] 4 3 |No..} 2.311 3.12] 9144] 15%] %] 2%) 2 24) 2 | 3% 3% 
134 I. .254, E. .285)M..| 15.8 | 334 | 3 |No. 9141 134] %]2 134 | 2 3 | 234 | 2 3364 
144 2; M..} 14.5 | 444 | 3 INo..| 4.25 | 2.87] 84] 2%] 1 21441 1%] 1%] 3 | 234] 2% 13% 
15% cs M..} 16.2 | 414 | 3 |No..| 4.25 | 2.87] 816]2%1]1 214 | 114] 154] 3 | 234 | 2% [3% 
24 ih M..| 30.0] 6 4 |No..| 5.81 | 5.25 | 1114 | 244] 1% | 24%] 1%] 2 313 3 4 
dacdacdnies 20.115 3 |Yes.| 3.12 | 5.03 | 1334 |] 2%] 14] 2%] 2K%13 3 | 2144] 2% |4 
Pests acheen 20.1] 5 3 /Yes.| 3.12 | 5.03 | 1334 | 21% | 1144 | 24%] 24%] 3 3 | 214] 2% |4 
ERAS 20.1] 5 3 /Yes.| 3.12 | 5.03 | 133g | 246 | 144 | 244] 244] 244] 3 | 216 | 2% [4 
1% 14 M..| 11.7 | 414 | 3 |No..| 2.12 | 2.68 | 11 144] $8] 18% )1%)18] 3/3 2 21 
lis .281 11.9 | 4% | 3 |No..] 3.50 | 2.62] 814] 144] 1M] 2%11%4%]1%] 313 234 13 
134 30 19.9 | 434 | 4 |Yes.| 4.75 | 3.62 | 10% | 114 | 1M0 | 2% | 134 |] 134] 3 | 31%4| 2% |4es 
1k tio 27.0 | 434 | 4 |Yes.| 5.31 | 4.12 | 1034 | 138 | 140] 2% | 2 2 3 1316] 2% |4% 
134 is R...} 23.0] 63 | 3 |No..]12.00 10.50 | 1214 | 2 13% | 2 2 2 Sis. 4% 
2% 16 R...} 21.0 | 7% | 3 |No../12.00 |10.00 | 1244 | 2 13% | 234 | 234 | 234] 2 | 416 414 
3 re R...}......]124% | 5 |Yes./80.00 164.00 | 2134 | 4 24) 4 4 4 2 | 634 8 
1% 1 M..} 24.515 3 |No..) 4.18 | 4.18 | 12 2 1 24/1 2%12%] 3 | 3413 4% 
174 et M..] 27.5] 5 3 |No..| 4.37 | 4.18 | 12 2 1 2144] 24%) 2%] 3 | 34/3 414 
15% 34 M..| 14.8] 4 3 |No..| 3.50 | 4.50 | 10 143] 1 1% | 24%] 2%] 2 | 2% . [8% 
154 %% M..| 10.6 | 354 | 3 |No..| 3.00| 3.50] 8'4| 13h] 1 144] 2%]2%4|3]2 314 13 
134 cs M 4 3 |No..j 2.00 | 1.87 | 10 144] %]| 2 1744) 1%| 3 | 24] 2% 13% 
1 oy = 3 3 |No..| 1.17 | 1.75 | 11 14) %|1%4%11%11%] 3 | 234] 2% 138% 
114 % R... 3 3 |No..] 1.17 | 1.75 | 11 14 | 311%) 1%11%] 3 | 234] 2% 13% 
1% .343 R...| 10.6 | 3% | 3 |Yes.| 1.93 | 2.97] 916 | 154] 1 148 | 17%] 2 3 | 274 | 234 |3% 
2 i; 23.6 | 55 | 5 | Yes|.3.00 | 3.75 | 12 3 1 2441 1%] 2 4] 4\4] **1H] 4 
lis I. %, E. 34 |M..| 16.0] 4 3 |No. 10 23] 19: 11%] 2%) 2%13 12%] 2% 13% 
lye I. %, E. 3g |M..] 16.0] 4 3 |No. 10 2es | ley | 1%) 2%) 2%) 3 | 2%] 2% 13% 
1% 5 M.. 7.0 314 3 | Yes. 7% 1 5% 134 14% 1% 2 2 2% 
134 8; M..} 22.7! 37g | 4 1Yes.| 2.75 | 5.62 | 1054 | 2 1 2144 | 2 2 3 | 2%] 2% |3 
2 is R...| 26.5 | 5% | 3 |No..) 5.00 | 4.75 | 11% | 214 | 114 | 214 | 2 2 3 | 2%13% [3% 
214 At R 38.5 | 534 | 3 |No..| 6.62 | 5.87 | 1214 | 234 11%] 3 2 2 3 | 3% ]4%4 |{4! 
1% Ss M..| 20.3 | 4% | 3 |No..| 2.90 | 4.68 | 12 3144/1 24%4| 2 2%] 3 | 23%] 2% |4 
1% 3, M 20.3 | 4:% | 3 |No..] 2.90 | 4.68 | 12 3144] 1 2144 | 2 244] 3 | 234] 2% [4 
114 M 334 | 2 INo..| 2.22 | 2.75 | 10 , %|2 2 2 213 ee (06 
114 7 M..] 18.0 | 53g | 3 |No.. 10% | 134 | 195 | 234 | 134 | 134] 3 | 234 | 234 14 
114 .313 M 5 3 |No..| 3.93 | 4.00 | 10% | 134 | 135 | 214 | 134 |] 134 | 3 | 234 |] 23% 4 
23 I, ¥s, E. 34 |M..| 22.9 | 534 | 3 |No.. 2 2 1s | 3 2 2 4 | 214 |**214 13% 
235 I. i, E. 34 |M .. | 5% 13 INo..| 4.75 | 5.81] 12 | 2 1s |3 |2 12 4 | 216 |**214 1314 
24; I. +s, E. M .. | 51% 13 INo..| 5.18] 5.81] 12 | 2 135 | 3 2 2 4 | 214 |**214 1314 
2% . 383 R.. 64 | 3 |No..| 6.12 | 6.87 | 12 254 | 13; | 314 | 234 | 234] 4 | 31% |**314 4 
214 3% R...| 26.2 | 6 3 |No. 12144 | 2 | 136] 3 24%124%)313 |3% |4 
91 27 7 2m ¢ 31 ‘ if ‘ D 3 ¢ 
24 I. .373, E. .379/R...] 40.3 | 534 | 3 |No. 1214 | 2% | 134] 3 eit LSis 334 {4 
243 383 R... 7 4 |No..| 8.00 10.68 | 14 375 | les | 34% | 234 | 2313 14 4 6 
233 383 R. 61% | 4 |No..| 8.68 {10.68 | 14 354 | 1s | 344 | 234 | 2341 3 | 4 4 6 
13 .383 R... 7 \4 No .| 8.12 |10.68 | 14 35 | lye | 314 | 234 | 231 4 14 4 6 
243 . 383 R. 64 | 4 |No..| 8.68 |10.68 | 14 354 | lie | 314 | 234 | 23g] 4 1 4 t 6 
| | | | 
indicate the column to (29) I = Integral; S = Separate. 
(30) C-P = Centrifugal Pump; Th = Thermo-Syphon; G-P = Gear 
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e |& 3 ° 1 i+ = ; 
~ = iss 3 3 ¥ ies 4 £ £ > | SiSiz ‘s 
=|/4/_3| el]e] 2/3 ei 2 | £.| os ‘i ~ |$8 |B [ES |E LELSIB | EE] s = 
PIZIsE/ 2) 2/2/22) 2 EREEL. |B] a [eelBe 12 |2 12 [SlER else] 
Sis\ze/ a] 8] 8 (se) 5) z ESE (8) & | S [selet [s_ |s_ls_ldlelg lelsiei & 
eizia.t e oe | 23; 2 = |331/68| 831 Sa leSs| eo | eal] sale] 4 l2e/ 2) 2] 6 
si=l=5) ££) 8 | 5 |3d| a] F | 26/29) 52) 2) F | Se l§S5| S2 |S) BSE) selFlsle] = MAKE AND 
Slelet|/ 2 lela lesl 2] 2 )22/2e/SF| 2] § |eflse |= [2 |S lel2leisisi2| 2 
o|e| és 3S SS ‘S —° 7 s a, | aa|— é Ps se |°6 - ped = =~ i & siviz <£ MODEL OF 
e/S/2s|/ 21/43) 8/2 | 2) S lekleek =| § |fzl|ze |= 13 13 | PlSlel2elelel| ° 
“JE/ 4) F% } 3 )/8/8 | S| = 27128 = es [he |S |8 | 8 | elsleB]elslal 8 ENGINE 
= = - - = >" ° o ° a = a }<] » = 
27 | 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 | 47 | 48 | 49 | 50] 51 52 
No. Raceas 52 a > a a S-S...]S-S...] 1000 | 1000 | Yes.../F-B.. 750 coos | 7Oue 2148 | 35% | 383% |G... 2: See Use Sisinivkinnidceees Cc 
Yes.| 54 S rer i) a oS a P-S...]S-S...|5-S...} 1600 800 |Yes...{Suct..} 1000 30 450 2314 {| 25 34 Gos 3 INo..|Yes.13-5,5.A.E.1G. B. &S............ 
No..| .. 18.....1C-P...|Pr....JA.....JA....-[59...[99...) 1700 800 |Yes...|Cent..| 1400 35 410 23% | 31 3435 |G... 3 |No../Yes./3,5.A.E.../G. B. &S........... AA 
Yes.| 3% |..... Li aS Ae | BR ee | eee eee et Se Ae sernae a 495 28 3054 | 3714 |G... S Weel T0010, SAL, . TO iv csciccssccsccccs x 
No.. +: S..... Th.. = ee | a | ee Ducasse 2200 | 2100 |No...]...... one ae 525 2534 | 30% 427% iss 3 |No..|Yes.|3-5,S.A.E.|Herschell-Spillman ..2700 
Yes.| #§ |S..... 3 eS, , See ee eee, eee ee Le ke borne 70 550 | 27 31 52% |G... 3 |No../Yes.|3,S.A.E. ..|Herschell-Spillman. .6500 
No E, cicea fee cece a eee lee se” 1800 | 1000 |Yes...{Cent..] 1400 | 34 650 2634 | 34% | 38: |G... 3-4 |Opt.|Opt.]2-3, 5.A.E .|Hercules 
No oe SS ae ae a RARE 1800 950 |Yes...jCent..| 1400 37 675 2414 | 30% | 4134 |G... Opt.|Opt.|S2,.A.E...|/Hercules. ... 
Rad .. B..... C-P...|Pr....|I..... oe ee I....-| 1600 | 800 |Yes...|Gent..]| 1250 | 41 875 | 2634 | 3615 | 43% IG... 3-4 |Opt.|Opt.|2-3, S.A.E. |Hercules 
Yes.| 3 |S...../C-P...|Pr....]1..... a ee Bie cies 1400 800 |Yes...]/F-B...| 1000 2 1200 2534 | 41 46 a 3 |Opt.|Opt.|1-2,S.A.E .|Hercules 
No.. ucweis C-P...|Pr....|S-S...|P-S...|S-S.../S-S...| 2000 | 900 |Yes.../Cent..| 1300 35 600 2514 | 34 3614 IG... 3 |No..|Yes./3,S.A.E...|Hinkley........... 
No.. S.....1C-P.. .|Pr....18-S...1P-S...1S-S...18-S...| 1800 900 |Yes...|Cent..| 1300 40 600 251% | 34 361% |G... 3 INo..|Yes./3,8.A.E...|Hinkley........... 
No.. S) Dee C-P.. .jPr....|S-S...|P-S...iS-S S-S...] 1500 900 |Yes.../Cent..} 1200 45 800 2514 | 38 43 G... 3 INo..|Yes.|2,S.A.E...|Hinkley............ 
No.. ee C-P...}Pr....JA.....JA.....]8-S...1S-S...] 1400 | 900 |Yes.../Cent..| 1050 | 55 1042 2834 | 4034 | 463< IG... 3 INo..|Yes.j1,S.4.E...|Hinkley.............. 
No Bes 6.<a Opt... |S-P.. {I A Risseas ae 2650 ee eee 55 a eee kes 3 |No..|Yes.|3-4,S.A.E.|Lewis............. AAG 
No ecimace Opt...|C-S...]I Opt... |S-S...|Opt 2600 | 800 |Opt...]...... 31 365 | 211% | 30 37% |G... 3 |Yes./Yes./S.A.E.. RR Sa ecassisapen ses: H 
No Deseae (5 ee oe re ae |! ae 2100 | 950 |No....]...... 35 470 | 2138 | 26% | 3876 |G... ee). ee ae K 
Yes.| 34 |S...../Opt...|C-S....|I Opt...]I..... ee 2000 | 1200 |Opt...}..... 25 | 450 | 2414 | 29% | 32% |G... | 3-4 |No../Opt.|3,S.4.E...|Matthews............ F 
Yes.] 3¢ |S..... 2 ee Oe ae ee oe 1800 | 800 |No...!...... as 27 480 26 30 36 «|G ; eee |S Yes.|3,S.A E...|North American. ...... 
Yes.| 3 8 Eeuat Opt.. Po | ee eases ae: ee 1800 a 30 480 26 30 36 «1G . ee Yes.|]3,S.AE. ..|North American... .... cx 
Yes.| 3 |S..... 23 sae oS Se eee eee Be ob.okt Bere 2200 eee (ee 57 800 26 34 41 C...|S...jA...] 3 |Yes./Yes.]2,S.A.E...|North American. ...... D 
Yes.) ¥e jI..... ee Ree | eee | ee | ieee ae 1700 | 1000 |No...]...... ee 53 ee ae oe eee eS Oe See Moline-Knight........ G 
Yea. &. 0... Le eee Se | ee Be siacid Dissecets 1700 | 1000 |No....]...... vince. RPE G05 |... oe ee ee eS eee Moline-Knight....... Ww 
Yes.) ¥% jI..... Ly |. a | ee Ra icnces Dinceaiele 1700 | 1000 |No...]...... ees 53 a | mate si: Wipan caso one ee |e eee Moline-Knight........ E 
No Binncs is ae a ae a ae Beeceas 1800 | 1100 jNo...]...... nares 18 375 2214 | 29 32 1G... .| 3 |No../Yes.jOpt...... Pittsburgh........... 84 
Yes.} 34 |S..... Ee ee ee See eee assis sees | .... |¥e8.../Cent..| 1000 | 19 490 1944 | 305 | 3384 |G... Ae 4. psiaeistorgre ebsieloane | ee AA 
No - = Le TE ae ae eee es eee, ee ee 950 22 560 203% | 28% | 3634 |G... a 4. Sere Red Wing............ F 
pe ee es ee ee ae ae en ere eee ee 900 26 600 2075 | 28% 3614 se he Boe bik hanawes Med Wits... ccccccces B 
Yes.| 2 |S..... ee | a | Tags S-S...]S-S...| 600] .... /Yes.../F-B... 600 13 650 0 a: i eS ee: eee PR i siicceccaeeslerd EE 
No..| .. S Mane’ Be a ee eS Bh criacs ee 600 | .... |Yes...|F-B... 600 | 2214] 785 | 26% 2454 at SS ae ae ee Se Ee RTS 0o 
Yes.| 3 |S..... Opt...|Pr....|I..... css $S...|SS...] 350] 21. |¥es.../F-B...] 380 | 51 | 3650 | 44% | 39% | 9916 J.-..J.0..]-.. foo. p¥es]... fo. Reliable........... MM 
No Ss = cg ee eee Bice. Re SB 2000 | 1000 jOpt...}...... 1000 31 800 27 35 4314 |G... 3 |Yes.JOpt./3,S.A.E...|Rutenber............ 38 
No Se a ae a See ae Diizatces 2000 | 1000 jOpt...j}...... 1000 | 34 800 27 35 43% |G... 3 |Yes./Opt.|3,S.A.E...|Rutenber............ 40 
No. a. Th a a ee ey ee 2000 | 1000 |No...]...... bla 34 691 19 39 38 1G... (oe SS ee eae N 
A ce Mixescs ty oo | a. ae ae ae 2670 | 1100 |No...]...... cicee Tee 727 2814 | 335 | 4932 IG... S The. Teds, CAR, .. FOR Vie ccwcecscsseces D 
Yes.| 5 jI..... Opt.. .|S-P...|Int a: RRS 2150 | 1600 |No...]...... 42 360 1814 | 28 3314 {G...].... Oe oO TS 4c 
No..| .. S C-P.. .|S-P.. Opt... .|Opt EE Pe SA: Sey eee pee, See 21 31 437% ee ee 3 |No../Yes.|3,S.A.E...|Supreme........... 124 
No.. en: ee ae | ae A ee Se ee ee ee eee ere ee eee 21 31 437% IC...|S...JA 3 |No../Yes./3,S.A.E...|Supreme........... 124 
No.. ee C-P...|S-P.. .|Int I Bao eee ee 8 a oe ores 4314 524 1734 | 243§ | 3824 1G... 8 INo..1 ¥es.18. SALE. ... 1 DORR. .0.cccccccess 19H 
i a C-P...|S-P. . A ae A.....1 1000 | 1660 INe....1..... Seed SE OF vcces 24 28 45 evs 4 No.. SS WEE. oivcceesesces 19T 
No. ee oo a ee ee | ee ee L......) S60} 1900 iNe.....1......:. cioiers Mics 2534 | 30 52 1G... 3 Io. ¥eeS, SAL. . .1TeG60.. osc ccccecess 1 
No. | ee oak). eee | ee eee [.....| 2800 | 1900 TNo... .f......2 ne | ee 2534 | 33149] 52 I{G... 3 |No..| Yes.|3,S.A.E MII oie SaSawenccn 101 
No I (ae | ee a iccy I 1500 | 1200 |Yes...|/Cent..}Opt.....] 10 300 12 16 SS i... 2 th er J eee ° 
No Be aaa C-P.. .|C-S A Bs S-S 8-S...| 1800 900 |Yes...}Own..| 1150 28 500 2034 | 29 3634 |G... 3 |Yes.J/Opt }3,S.A.E...)Waukesha........... BX 
Yes./ 14 |S...../C-P.. .1C-S A Ss S-S...1]S-S...] 1200 | 800 |Yes...J/Own.. 900 | 32 600 203, 331% | 3714 |G... 4 |Yes.JOpt.j2,S.A.E...|Waukesha............ R 
Yes 215 .|C-P.. .|C-S . a eee S-S S-S...] 1200 | 500 |Yes...{Own. 800 45 850 2334 | 34 ae 3 |Yes.|/Yes.|1,S.A.E....]Waukesha......... PU7 
No I C-P.../S-P.../S-S...]I..... S-S...)S-S...] 1600] .... |Opt........ ee a oe 2534 | 32 | 40 (|G... 3 |Yes.|Yes.|3,S.A.E...|Weidely............ MA 
No Diverwiaca C-P.. .|S-P.. .|S-S I 8-8 S-S. 1600 | .... |Yes...|Cent..| Opt...] 32 750 248; | 32 3975 |G... eS ees aioe M 
No __ C-P.. .|C-S ie ae eee are: Fe ae ae cura 25 435 1734 | 2714 | 333% |G..- ....| 3 |Yes.} Yes.|3,S.A.E...|Wisconsin.......... QU 
No erica a: ee) See ee: ee Be orcs 1650 900 |Opt...)...... 1000 | 31 450 2034 | 3143 | 4033 IG... ...-| 3 Yes |.Yes|.3S.A4.E. ..|Wisconsin......... 
No i ave 2S ee Fae | a ee oe I.....} 1600 | 1000 |Opt...]...... 1000 | 37 460 2034 | 317% | 4032 IG... ...-1 3 |Yes.|Yes./3,S.A.E...|Wisconsin......... EAU 
No iste 32 a. eS ee ee Be 1600 | 900 |Opt...]...... 1000 | 45 650 2175 | 34 463% |G... ...-| 3 |Yes./ Yes.|3,S.A.E...|Wiseonsin......... TAU 
No . eee Oo A See | ae | ee | = 1600 900 |Opt...]...... 1000 50 660 21% | 34 463% |.... 3 3 |Yes.| Yes.|3,S.A.E...|Wisconsin,........ UAU 
No REY i! 3. See eee 2... c. 1600 900 |Opt...]...... 1000 55 670 21% | 34 4635 |G... ...-| 3 |Yes.| Yes./3,S.A.E. ../WisconsiasS....... VAU 
Yes. 3 i8..... ee ae | en! | * 1700'| 900 1Opt...|...... 1000 | 75 1000,} 233% | 331 | 5684 |G... 2a: oS eee oe 
No iacas OS aR Ae | ee | ee eee = 1600 900 |Opt...]...... 1000 60 790 237% | 37% | 4834 JG... 3 1Yes.|Ye3./3,S.A.E...|Wisconsin......... RAU 
No Bisons 3S ON ee ee a | 1600 | 900 |Opt...}...... 1000 | 65 800 | 23% | 37% | 4834 IG... 3 |Yes./Yes.]3,5.A.E...|Wisconsin......... RBU 
No _ ae oS | See | ee! Se | 1400 900 |Opt...}...... Opt.....1 75 890 24% | 36+ 4834 |G... eo ae i eee D 
No sine 2 ee ae | a |S 1400 | 900 |Opt...J...... Opt.....} 90 900 | 24% | 37 4834 |G... 4 TYesdNOs!. .....0).00% Wisconsin........... M 
No ae 32 Se Se Se ee ee 1400 | 800 |Opt...]...... 900 |105 1200 26 3734 | 687¢ |G... oe oS ee | ee K 
No s BBvees torn ae eee 1400 | 800 j|Opt...}...... 900 |125 1275 26 3734 | 687¢ |G... 4 |Yes.|No..].. ee P 
(46) G = Gear; C = Chain. IU, HU, YTU—Front, 2% in.; center, 2% in. ; rear, 236 in. 
(47) S = Silent. ATU, BTU—Front, 24 in.; center, 2% in.; rear, 2% in. 
(48) A = Adjustable; N = Non-Adjustable. +Wisconsin model EBU crankshaft diameter: Front, 214 in.; center, 2 5/16 
*Buda crankshafts are of the following diameters: in.; rear, 2% in. 
Models RU, WU, TU, QU, OU—Front, 1% in.; center, 2 in.; rear, **QOther intermediate crankshaft bearings are of similar length to first 


2% in. intermediate. 
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Two-stroke Engines for Motorcycles’ 


An Outline of Their Advantages and Disadvantages 
and a Description of a Design Due to the Author 


By E. Tilston 


been used only for lightweight motorcycles and small 
motor boats—except in the case of engines of the Diesel 
and hot-bulb types. The present type of three-port two-stroke 
engine gives about one-third more power than the four-stroke 
engine for the same size of cylinder with the engine revolving 
at normal speeds, although the power curve falls away more 
rapidly than with the four-stroke engine at abnormal speeds. 
Seeing that the two-stroke engine gives more power than 
the four-stroke, the former can be made smaller for the same 
horsepower, and consequently the piston is reduced in size, 
and the connecting rod made shorter on account of the differ- 
ence in length of stroke. With two cylinders the superiority 
of the two-stroke engine is more pronounced in torque, bal- 
ance and absence of vibration. No one has yet been foolish 
enough to adopt a twin-cylinder vertical four-stroke engine 
for motorcycles (although its torque is far superior to the 
Vee type), for the reason that the balance is inferior. The 
only two-cylinder four-stroke engine with good torque and 
balance is the horizontal twin-cylinder, but even this cannot 
be placed alongside the two-cylinder two-stroke engine with 
the power stroke taking place simultaneously at the two oppo- 
site ends, which not only balances the thrust on the bearings, 
but considerably reduces wear and tear. Although the hor- 
izontal twin-cylinder type is admirable in balance and torque 
in both engines, the author does not consider either a good 
proposition in a motorcycle on account of frame design. 
This question of torque, balance and vibration brought 
about the demise of the one- and two-cylinder vertical four- 
stroke engine in motor cars, and the author is of the opinion 
that history will repeat itself in the motorcycle. If it is 
necessary to adopt an engine in a motor car which gives a 
propelling force every stroke, how much more necessary is 
it in the motorcycle where there is so little room for spring- 
ing to minimize vibration? With regard to torque, the two- 
cylinder vertical two-stroke engine is in every way equal to 
the four-cylinder four-stroke engine, although the balance 
may not be so good, but as one piston is descending while 
the other is ascending, what little difference there is in bal- 
ance through the couple is offset by halving the number of 
cylinders and reducing the reciprocating parts. 


| J P to the present time the two-stroke type of engine has 


Simplicity and Lower Cost Excellent Advantages 


The greater simplicity and lower cost of the two-stroke 
engine are excellent advantages from a production point of 
view. Providing that carburetion is the same in both types 
of engine, the double-firing stroke will give the best result 
in starting, especially if this is coupled with half the weight 
of reciprocating parts. 

Much attention has been given of late to improving the car- 
buretion in connection with the four-stroke engine by exhaust 
jacketing the inlet pipe. This is obtained in the two-stroke 
engine without any inaccessible pipes, as the charge entering 
the crankcase is heated, which has a further tendency to keep 
the engine cool. 

Accessibility—another point in which the two-stroke engine 
excels—not only adds to the cleanliness of the machine, but 
also to its appearance, which is a desirable feature when sell- 
ing. If accompanied by simplicity it is a great inducement 
to the novice who is about to purchase a motorcycle, and there 
can be no doubt that it is a very big factor in increasing the 
army of motorcyclists. 





*From a paper presented to the Institution of Automobile En- 
gineers, London. 


It is only necessary to consider the simplicity of the two- 
stroke engine with its absence of valves, and then to turn to 
the timing case of the four-stroke engine, which needs con- 
stant adjustment, to realize what scope a designer has in mak- 
ing the two-stroke engine accessible. 


Best Type of Engine for Frame Design 


The two-stroke engine appears to be the best type for frame 
design, inasmuch as character of torque and balance (which 
minimize vibration), total weight, and weight of reciprocat- 
ing parts are in its favor. 

Just as one- and two-cylinder engines in motor cars were 
discarded on account of inferior torque, so there will be a 
tendency towards multiple cylinders in motorcycle design. It 
appears impossible to make a two-cylinder four-stroke engine 
of even torque and good balance unless the cylinders are 
placed at 180 deg. The horizontal twin-cylinder arrangement 
in either type of engine—as previously mentioned—does not 
lend itself to frame design, while there are other disadvan- 
tages in cooling, if the engine is placed with the flywheel re- 
volving in the direction of the road wheels. 

Frame design is a most important matter, and the public 
—especially those who are familiar with frame breakages 
during the war—will look with suspicion in future on the ma- 
chine that lets them down. The author admits that bad 
springing is responsible for a good many frame breakages, 
but there is also the question of best type of engine in de- 
signing a good frame without adding unnecessary length. 
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In regard to weight the advantage lies with the two-stroke 
engine. A saving in weight is a saving in cost, and is of 
enormous benefit in case of an accident which necessitates the 
machine being pushed home. There is also a considerable 
saving in the wear and tear on tires. 


Reliability 


There can be no doubt that the present-day two-stroke 
engine is very unreliable for large horsepowers. In the first 
instance it is necessary to bear in mind that there are two 
power impulses against one in the four-stroke engine, conse- 
quently the moving parts, especially the piston and small 
end of the connecting rod, are more likely to get overheated. 
This is counterbalanced to a certain extent by the fact that 
a new cool carbureted charge is drawn into the crankcase 
every revolution, which lies inside the piston, and tends to 
keep these parts cool. In the present-day two-stroke engine 
there are other reasons for overheating, namely, the exhaust 
port is arranged at the lower end of the cylinder, and the 
hot burnt gases do not tend to escape, consequently the piston 
in ascending is subject to the heat from the exhaust. It must 
be admitted that even in small two-stroke engines of 250 
e.c. it frequently happens that the engine peters out on a 
fast run of 50 miles or so. For further proof of the evil 
effect of exhausting at the lower end of the cylinder, it is 
only necessary to examine the top piston rings on the ex- 
haust side of any two-stroke engine, and they will be found 
caked up with carbon, and often require cutting out after a 
few hundred miles’ run. To sum up, the disadvantages of 
exhausting at the lower end of the cylinder are as follows: 

Loss of incoming charge through the exhaust, imperfect 
scavenging, overheating of the piston, which is increased by 
the deflector, and caking of piston rings with carbon or the 
exhaust side, all of which add considerably to unreliability 
and waste. 


Economy 


The small difference in economy of fuel between the pres- 
ent-day two-stroke engine and the four-stroke engine is no 
doubt due to the loss of incoming charge through the ex- 
haust, combined with the large amount of burnt gases in the 
cylinder. Remove these two evils, and there is no reason 
why the two-stroke engine should not equal the four-stroke 
engine as regards economy. 

It would naturally be imagined that the two-stroke engine 
would be more flexible than the four-stroke engine, seeing 
‘that a single-cylinder two-stroke engine is equal in power 
impulses to a two-cylinder four-stroke engine, and there can 
be no question but that by increasing the number of cylinders 
flexibility is improved. In the author’s opinion, the reason 
why the two-stroke engine is actually not more flexible than 
the four-stroke engine is that there is a greater amount of 
exhaust gas left in the cylinder on the compression stroke 
than is found in the four-stroke engine. If all the exhaust 
gases can be ejected from the cylinder, at every position of 
throttle opening, the flexibility would increase in proportion 
to its superior torque. 

In the two-stroke engine there are no valves, which are 
generally the source of heating troubles in the four-stroke 
engine. If the cylinder is scavenged from end to end, and 
the exhaust removed to the top end of the cylinder, with a 
flat-topped piston, the author is of opinion that the two- 
stroke engine will give less trouble in overheating than the 
four-stroke engine, provided that the means for controlling 
the exhaust are as efficient from a cooling point of view as 
the other parts of the engine. 


Desirable and Undesirable Features 
Undesirable 

The deflector on the top of the piston. 

The exhaust at the lower end of the cylinder. 

Valves—they must not give trouble through overheating. 

The waste of the incoming charge through the exhaust. 

Desirable 

The cylinder scavenged from end to end through a ring of 
ports and an annulus. 

A light flat-topped piston. 


The incoming charge must fill the cylinder completely with 
the throttle full open. 

No exhaust left in the cylinder at any position of the 
throttle. 

Both inlet and outlet must be unobstructed to allow free 
passage, otherwise back pressure of the outgoing exhaust pre- 
vents the new charge entering, and diffusion of the two results 
in escape of the new charge through the exhaust. If these 
ideals are accomplished, it is possible to more than double the 
power as compared with the four-stroke engine for the 
same C.c. 

The combustion space represents roughly 20 per cent of 
the cylinder volume, and if this could be filled with a new 
charge and fired twice, as compared with the combustion 
space in the four-stroke engine, which is filled with burnt 
gases and fired once, then the possibility of increasing the 
power of the two-stroke engine may be more than doubled. 

The two-stroke engine that the author is responsible for is 
the result of very careful consideration of the merits and de- 
merits of both types of engines on the lines laid down. 

When the first experimental engine was demonstrated at 
Stonebridge several criticized it on account of its cost and 
extra moving parts as compared with the ordinary two- 
stroke engine. However, it is impossible to control an ex- 
haust port at the top end of the cylinder and provide an 
extra pump for displacement without additional moving parts 
and expense. It will be noticed that the means to control 
the exhaust port (the piston valve) also gives additional dis- 
placement to induce sufficient charge into the crankcase from 
the carbureter, which the movement of the piston alone fails 
to accomplish. 

The lower end of the piston and piston valve are both open 
to the crankcase and, as they move upwardly together, their 
combined displacement is available to fill the cylinder at the 
end of the next downward stroke of the piston. On the ex- 
plosion stroke, the closing of the port from the carbureter 
to the crankcase first occurs, followed by compression of the 
charge in the crankcase. The opening of the exhaust at the 
top end of the cylinder follows, and shortly afterward the 
inlet ports from the crankcase to the cylinder are opened by 
the main piston. 

An exhaust poppet valve overheats, but with a piston 
valve as shown this type of engine does not get nearly so 
hot as the three-port two-stroke engine without valves. 

When the explosion takes place the piston valve is at the 
top of its stroke and is considerably above the combustion 
space. The cool carbureted charge, introduced into the 
crankcase every revolution, lies not only inside and around 
the main piston, but also inside the piston valve, and as there 
is only a thin wall of metal separating the hot explosion from 
the newly introduced cool charge, the excessive heat from 
the former is absorbed by the charge, which is afterward 
passed into the cylinder, thus cooling the piston valve and 
preventing dissipation of heat from the outside. This helps 
the fuel consumption and aids in an easy start. 

There are no rings on the piston valve, which is of the 
same metal as the cylinder. A clearance of 0.001 in. is al- 
lowed between the bore and the valve, and the short stroke of 
the valve, in conjunction with the cooling effect of the charge 
lying inside, allows the temperature from end to end of the 
valve to be maintained practically constant, thereby permit- 
ting free movement without fear of seizing. 

The top rings of the main piston maintain their elasticity 
under severe loads and constant running because the piston 
is cooled internally every revolution. The piston valve is 
operated by link motion from the piston pin, with about half 
the stroke of the main piston. There are several ways in 
which the piston valve can be reciprocated, but the design 
shown allows the crankcase volume to be cut down with a 
view to increasing the compression. : 

It will be noticed that the compression release valve in the 
cylinder head is so arranged that the passage from the cylin- 
der is in communication with the upper end of the piston 
valve cylinder. Just before the explosion occurs, the piston 
valve has moved up and prevented an explosion occurring in 
the exhaust pipe and muffler, and a very simple and effective 
method of lowering the compression is obtained, which facili- 
tates easy starting. 
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The Economics of Flight 


Effect of Altitude of Flight on the Energy Expenditure Necessary to Cover a 
Given Distance—Problem Involves a Consideration 
of Many Factors 


By H. B. Irving 


URING the war the economics of flying was of no 

importance as far as fighting in the air was con- 

cerned. It had to be considered seriously in con- 
nection with long-distance air raids, when it was of 
great importance to cover the longest possible distance 
on the minimum of gasoline, and for reconnaissance also 
the economics of flying deserved attention. 

But with the end of the war this subject appears in a 
quite different light. Now the question of cost of 
transport enters in largely, whereas, during the war the 
question of cost was scarcely considered. The problem 
in commercial aviation is to transport goods or passen- 
gers at the cheapest rate at which it is possible to run a 
service which will offer sufficient advantages over exist- 
ing services to be able to compete with or replace them. 

It is the object of the present article to give a brief 
consideration of the aerodynamic principles which gov- 
ern the economics of flying without entering into the 
multitude of other considerations which affect the ques- 
tion. The aerodynamic principles are perfectly general, 
while the other considerations are usually of a particular 
nature and need special application to each case. 

Aerodynamically the economics of flight is concerned 
with the effect of the various conditions of flight on the 
energy required to carry a given weight a given distance. 
Take first of all the case of a given body whose resistance 
is PoV’, where K is a constant, ¢ is the density of the 
air, and V is the speed through the air. The fact that 
K is constant of course implies that the resistance of the 
given body varies as the density of the air and as the 
square of the speed. The former assumption is always 
true, while the latter is generally very nearly true. The 
energy required to move the body through distance S 
at speed V varies as RS or KeV’S. 

Two very important general principles are at once 
apparent from the above reasoning. First, the energy 
required to transport a body a given distance varies as 
the square of the speed at which it is moved. This is 
true in spite of the fact that the greater the speed the 
less the time required. So that the lower the speed of 
flight the more economical is the flight. This conclusion 
shows the fundamental disability under which high- 
speed flight labors in comparison with other means of 
transport, and it is only modified in practice by the fact 
that “time is money.”: 

The second conclusion depends upon the common 
knowledge that the density of the air decreases with in- 
creasing altitude. At 10,000 ft., for instance, the 
density is 0.722 that at ground level, and at 20,000 ft. it 
is only 0.520 the density at ground level. It would ap- 
pear to follow, therefore, that on general grounds, for 
economic flight the altitude of flight should be as great as 
possible. In practice the limit imposed on the altitude of 
flight is due to the reduction in power of the engine 


caused by the rarefaction of the air at altitudes and (or) 
the personal physical disabilities caused by the atmos- 
pheric conditions at high altitudes. To some extent the 
former limitation can be overcome by designing the en- 
gine specially for performance at altitudes, and the 
latter may also be partially overcome by suitable provi- 
sion being made, but it would hardly appear at present 
that any provision for the physical needs, due to very 
high altitudes, of either pilot or passengers could form 
part of any commercial flying enterprise, and that there 
is, therefore, practically speaking, a limit to the alti- 
tude at which commercial flight can take place. 
Proceeding now from the case of a plain body whose 
resistance varies as V-—the case of the airship—to the 
case of the airplane it must be remembered that, in gen- 
eral, the altitude at which the airplane flies varies ac- 
cording to the speed of flight and that the foregoing 
reasoning only applies to flight at a given altitude. With 
the alterations in attitude which take place in practice 
the resistance coefficients of the body, struts, wires, etc., 
cf the airplane generally alter very little, while the lift 
and drag coefficients of the wings both alter greatly. The 
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Fig. 1—Diagram showing variation of lift drag ratio 
with angle of incidence 
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total lift must, of course, remain equal to the total weight 
throughout the flight, so that as the attitude alters the 
speed must alter, an increase in the lifting power of the 
wings caused by increasing their angle of attack being 
accompanied by a decrease in the speed of the machine. 

The ratio of the lift to the drag of a machine is one 
of its most important characteristics. Other things be- 
ing equal, the greater this ratio the greater the aero- 
dynamic efficiency of the airplane. For a given air- 
piane the ratio has a definite value for each attitude of 
flight. Fig. 1 shows the general nature of the curve of 
lift-drag ratio plotted against angle of incidence of 
-wings for a biplane. Two curves are given, one for the 
-wings enly and one for the whole machine. Such curves 
are generally derived from the results of experiments on 
‘models placed in a wind tunnel. 

It will now be shown that the most economical speed 
of flight for any given airplane is that for which the 
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and for a given distance S this is a minimum when L/D 
is amaximum. So that the most economical attitude for 
flight is that corresponding to maximum lift-drag ratio 
of the airplane, which attitude is generally not much dif- 
ferent from that for maximum lift-drag ratio of the 
-wings. 

The above conclusion is true for any altitude, a fact 
-which means that, aerodynamically, that there is nothing 
to be gained by flight at high altitudes with a given air- 
plane. Other considerations, however, have to be taken 
into account in this connection. Suppose an airplane to 
‘be flying at its most economical altitude. In order that 
the lift of the wings may at all altitudes be equal to the 
weight of the machine the forward speed must vary in- 
versely as the square root of the density of the air. Since 
lift and lift-drag ratio are constant the drag must be 
constant, and therefore the horsepower must vary with 
density in the same way as the forward speed; that is, 
the horsepower varies inversely as the square root of 
the density. From this reasoning two points emerge, 
each indirectly bearing on the economy of flight and 
showing why flight at the higher altitudes is preferable 
to flight just above ground, although aerodynamically 
the economy of flight is the same at all altitudes. Firstly, 
since the forward speed increases with altitude, there will 
tbe a saving of time by flying at the higher altitude, a 
very important consideration. And secondly, since the 
power required increases with altitude, as shown above, 
it will pay to fly at an altitude which utilizes or nearly 
utilizes the full power of the motor, since motors gen- 
erally run most economically at about their full power. 

Another method of considering the question of the 
‘est speed for economic flight of a given airplane is as 
follows: 

Work done in moving airplane through distance 
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Fig. 2—Diagram for determining most economical speed 
of flight 

That is, the work done varies as a < S and is a 
minimum for a given distance when the ratio H.P./V is 
a minimum. This condition is illustrated by Fig. 2, in 
which H.P./\/¢ is plotted against V/\/o, where ¢ is the 
density of the air relative to the density at ground level. 
The figure thus applies to any altitude, change in density 
being allowed for by change in the scales of the co- 
ordinates of the curve. The most economical speed is 
found by drawing a tangent from the origin to the curve, 
and it will be seen that the most economical speed is only 
slightly greater than the speed for minimum horsepower. 
Thus, an airplane flying at its “ceiling” is flying at very 
nearly its most economical altitude. 

It has now been shown that for a given airplane aero- 
dynamically the maximum economy of flight is the same 
at all altitudes, but that this involves flight at speed vary- 
ing according to the altitude. If the economy of flight 
of a machine of given weight is considered—as it should 
be—for a given speed—the problem as to the effect of 
altitude on economy becomes rather different. For eco- 
nomical flight the altitude must be always the same, 
namely that of maximum lift-drag ratio; therefore, if 
the speed is to be constant, the area of the wings must 
vary inversely as the density. But in spite of this fact, 
the resistance of the wings remains the same at all alti- 
tudes, since 

W 


Dw —_ L/Dw 
where L/D,. is the lift-drag ratio for the wings. The 
size of the body remaining the same, its resistance will 
vary as the density and hence there will be a saving of 
power in the machine specially designed to fly at high 
altitudes. 

To some extent this conclusion is modified by the fact 
that the machine which flies at the higher altitude has 
larger and therefore heavier wings, struts, etc., so that 
the useful load carried by this machine will be rather 
less than that carried by the machine flying at the lesser 
altitude; and, further, the larger wings mean more re- 








Table Showing Economy of Power Due to Flight at High Altitude 
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sistance other than wing and body resistance. But the 
weight of the wings and the resistance of parts other 
than wings which varies with wing area are each only 
a small proportion of the total weight and resistance, 
and the economy to be gained by designing for high alti- 
tude at a given speed is nevertheless considerable. 

It is not possible in the present article to give any 
exact figures as to the magnitude of the saving which 
could be effected by designing for high altitudes. This 
would depend—among other things—on the type of air- 
plane and the forward speed desired. In fact, in order 
to arrive at accurate figures in any particular cases would 
practically mean roughing out weights and resistances 
for each special design. A rough idea as to the order. 
of magnitude of the saving may, however, be arrived 
at by some very simple calculations for a particular 
case. Take, for example, an airplane of weight 3200 lb., 
say, whose lift-drag ratio at ground level is 16 for the 
wings only and 8 for the complete machine. The re- 
sistance at ground level will then be 200 lb. for the wings 
and 400 lb. for the complete machine, thus making the 
resistance of the body, etc., 200 lb. The accompanying 
table shows the percentage saving in resistance (and 
consequently horsepower, since the forward speed is sup- 
posed constant) over that at ground level at altitudes up 
to 20,000 ft. In this particular case, in which at ground 
level the resistance of the body, etc., is equal to half the 
total resistance of the airplane, the percentage reduction 
in total resistance at any particular altitude is equal to 
half the percentage reduction in the density at that alti- 
tude. The condition that the resistance of the body, etc., 
is equal to half the total resistance will in general not 
be very far from being realized in practice, and so the 
figures of the table give an indication of the order of 
magnitude of the saving which may be effected by de- 
signing specially for altitude. It will be noticed that the 


AUTOMOTIVE INDUSTRIES 
THE AUTOMOBILE 








June 12, 191y 


figures of the table are independent of the forward speed, 
and in this connection there are two points which should 
be remembered. They are the questions of landing speed 
and rate of climb. The airplane designed to fly at its 
most economical altitude and to use its full power at 
ground level would, as Fig. 2 shows, require only very 
slightly less horsepower at the altitude for minimum 
horsepower. There would thus be only a very small re- 
serve of power for climbing and the ratio of climb would 
be very slow indeed. Again, with the machine designed 
for flight at ground level the forward speed is strictly 
limited to values which are not very high in order to 
keep the landing speed down. The maximum lift co- 
efficient of wing section is generally about double its 
value at the altitude for maximum lift-drag ratio; which 
means that the landing speed is about equal to the eco- 
nomical speed divided by \/2. Thus, if the chosen speed 
of flight is 100 miles per hour the landing speed is equal 
to 71 m.p.h., a value which is considerably on the high 
side. 

But consider now the airplane which is designed 
for the same forward speed at an altitude of 8000 ft., say. 
Its landing speed will now be reduced from 71, m.p.h. to 
71 X 0.772, or nearly 54.5 m.p.h., and the rate of climb 
at ground level will now be of fair magnitude. For the 
horsepower required for the 8000-ft. machine when at 
ground level will be \/2 times that required at 8000 ft., 
that is, 5.7 per cent of the power will be available for 
climb. In the case of the particular airplane chosen as 
example, this would give a rate of climb of 111 ft.-min. 

Obviously, then, machines designed for economical 
flight at low altitudes are not practical machines, and 
the effect of altitude on economy of flight should be 
considered by comparing the performances of machines 
at high altitudes with those for altitudes of perhaps 
6000 to 8000 ft. 





Kessler Super-Charge Engine Developed for Automobile Purposes 


(Continued from page 1293) 


uses a counter-balanced crankshaft, and this same type 
of counter-balancing will be used on the 334 by 3%4-in., 
six-cylinder automobile engine, of which sample engines 
are now being made up. Air by-passages are so arranged 
that every down stroke of the piston is utilized for pro- 
ducing crankcase compression. As compared with the 
normal form of engine, it will be slightly higher, due to 
the increased combustion chamber volume. The weight 
per unit of displacement will probably run about the 
same as that of the ordinary type of engine, and in gen- 
eral appearance there will be no marked difference. The 
automobile type should weigh approximately 5.3 lb. per 
hp. 

A representative of AUTOMOTIVE INDUSTRIES saw an 
aviation type Kessler engine on the block, operating first 
as a normal poppet valve type and then with the super 
charge admitted. The difference was remarkable, for, 
although the valve timing was a little early in the intake 
cut-off for the ordinary poppet type engine, yet it gave 
a very creditable performance. As soon as the super- 
charge was admitted, however, the speed of the engine 
rose remarkably, and it was possible to carry a much 
higher load on the engine. While it is impossible for 
the representative of AUTOMOTIVE INDUSTRIES who wit- 
nessed the test on the engine to accurately state the re- 
sults of the cushioning effect on the bearings due to 
crankcase compression, it is positive that on the old auto- 
mobile type engine employed in the experimental car 
the vibration is remarkably low for a four-cylinder en- 


gine of any type. Claims made by the inventors of this 
engine and taken seriously by car makers who have ex- 
amined it, state that bearing life is materially increased 
by the effect of the cushion. 

The engine now being developed for car work will have 
a proportional valve capacity which is probably the larg- 
est ever used in automobile practice. It will have two 
intakes and two exhaust valves per cylinder, each valve 
having 11% in. clear diameter, although the bore of the 
engine is only 3°4 in. 


Glued Part Failures Not Always Due to Glue 


LUES are often blamed for failures for which they are 

not responsible. Tests made at the Forest Products Lab- 
oratory of the U. S. Forest Service at Madison, Wisconsin, 
show that properly handled commercial glue develops a shear- 
ing strength greater than that of most woods. 

The average glue user prepares his glue with reasonable 
intelligence but commits atrocities in preparing surfaces to 
be glued’ and in handling pieces after gluing. To get full 
strength from any glue, proper surface contact is imperative. 
Good glue will adhere fairly well even with poor surface 
contact. Joints of this kind possess, however, inherent weak- 
ness and the added disadvantage that they are more liable 
to ruin through bacterial action than tight joints, since the 
glue in them is more exposed. 

The proper application of pressure is important in all 
glued work, but doubly so in the manufacture of plywood. 
Securing proper pressure involves keeping cauls and press 
in first-class condition and using them skillfully. 
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Criticism and Suggestions Based on Extensive 
Tractor Experience on Large Western Ranches 


By Arthur B. 


N the following article I am giving the side of the 

design as the operator looks at the result and not 

as the designer must necessarily do in laying out the 
machine. Shop practice must guide the designer to a 
large extent, while to the operator the necessity of keep- 
ing the machine running is the paramount considera- 
tion. My experience has been mostly in the Far West 
and with the track-laying type of machine, so I shall 
confine my attention to that locality and to that type of 
machine. 

As a foreword it might be well to mention that on the 
western ranches the tractor has been adopted not for 
any inherent love for machinery on the part of the 
rancher, nor because of the glib talk of the salesman, 
but of dire necessity. With the increase of wages and 
the shortening of hours in the cities, the better men 
of agricultural communities drifted into city trades 
and occupations. 

The hours on the ranches were long, the sleeping ac- 
commodations were poor, no provision was made for 
personal cleanliness, and while the meals were general- 
ly of good quality there was no variety of menu. No 
amusements were possible except occasional drinking 
and gambling, and added to these were the great diffi- 
culties in the way of a hired man starting in business 
for himself. Therefore, it became increasingly harder 
to obtain good teamsters for “eight-mule” teams at 
$1.50 and $2 per day, but tractioneers or “caterpillar 
skinners,” as they are called in ranch parlance, could 
be obtained for $4 per day, and found. 

A 75 or 80 b.-hp. tractor is supposed to do the work 
of four eight-mule teams, so an engineer at $4 and a 
plow tender at $2 would replace four teamsters at $1.50 
each. The labor costs would therefore be alike for 
teams and tractor. 


Fuel Costs 


As far as fuel and oil costs are concerned on most 
ranches, it seems from the meagre figures available 
that it is ‘immaterial whether you raise a certain 
amount of feed for the teams or whether you raise the 
same amount of grain and sell it to buy fuel and oil. 

The first cost of the tractor and that of the four 
eight-mule teams were not far different, so the de- 
ciding feature was the ability to keep the outfit going. 
Had there been plenty of drivers the tractor would 
have been greatly delayed in getting a foothold, for 
it has been my experience that four well-driven eight- 
mule teams will out-plow the 75-hp. tractor in average 
plowing. The reason is that, in the case of the teams, 


there are four separate units and a temporary accident: 


to one rig does not delay all of them, and, in addition, 
the rigs are more flexible and can get in and out of 
sharp corners better. In harvesting, the four teams 
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are combined in one unit and have no such advantage 
over the tractor, but, on the other hand, the motion of 
the tractor is steadier, it makes turns quicker, and gets 
closer to ditches. 

From this you may see that the essential thing for 
the operator is to keep going. The tractor, having 
been forced upon the rancher, is looked upon as a neces- 
sary evil and undeserving of sympathy, while the trac- 
tioneer is a man too lazy to drive a team and who is 
continually breaking into the bank account for salary 
and repair bills. 

It must be further remembered that thg tractor op- 
erator may be miles from a well-equipped machine shop 
and must rely on his collection of hand tools. His 
equipment for lifting consists of two 2-in. jack screws, 
whatever blocking there is lying around loose, and man 
power. Chain falls are rarely found on the ranches. 

We will now take up some of the points of design 
that concern the operator in his task of “keeping her 
going” and will somewhat subdivide them. 


The Motor 


The carbureter has been advertised as the “heart of 
the motor,” and likewise the motor may be considered 
the heart of the tractor. The tractor operator tries 
above all things to have a sweet-running engine; it 
is his source of power and it is vital that it shall run, 
and run well. 

If time permits, the rest of the outfit is given some 
share of the attention, but the engine is first, last, and 
all the time the center of attention. One bugbear is 
that of heating, for, while the majority of automobiles 
are overcooled, the tractor is not. Here we have no 
letup of the load but a constant, steady drag. There 
is no chance to stop and let your engine cool off, nor 
to change the cooling water; therefore your radiator 
must be ample to care for the worst conditions pos- 
sible. 

It is not an uncommon thing to run when the ther- 
mometer registers from 90 to 120 deg. Fahr. in the 
shade and your tractor is in the sun. With the incom- 
ing air at 120 deg. Fahr. you have no great difference 
in temperature between the air and the water and must 
therefore rely on plenty of radiating surface and on 
the fan sending a steady volume of air through the 
radiator. The rate at which the water flows through 
the radiator tubes and the water jackets also greatly 
affects the cooling. A slipping fan or pump belt plays 
havoc with the cooling; therefore, these two should be 
run by extra wide belting or be positively connected to 
the engine. 

The fan, if not belt-driven, should have a slip clutch 
to prevent blade damage. The pump must be located 
where it is under sufficient head on the suction side 
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to insure pumping even with very hot water. Also, 
most operators would appreciate a location where the 
pump may be packed without either standing on your 
head or else lying on your back under the machine and 
receiving the accumulated mud and grease from the 
frame and the hot water from the pump in your eye. 
Where the fan and the pump are belt-driven it might 
be well to remember that the belt pull may be con- 
siderable and that bearings should be ample and well 
lubricated. 

Cooling is also made harder by the presence of scale- 
forming salts in the water which deposit in the water 
jackets and in the radiator spaces. At times the water 
must be taken from irrigation ditches and organic mat- 
ter is introduced into the system, which blocks up 
the water passages, and therefore some means should 
be provided for cleaning these. The dust settling on 
the fins of the radiator tubes will cut down the trans- 
mission of heat through the tubes, and allowance 
should be made in the area allowed for cooling. 

Care should be taken that the pump delivers water 
equally to all the cylinders, so some may not be heated 
while others run cool. Some companies use a tank 
in connection with the radiating system, and here it 
should be remembered that, while it is a nice thing to 
place it out of sight, there should be some way to remove 
it without taking off most of the decking and nearly all 
of the main drive shafting. The constant jar and bad 
water will make any tank leak in time. 


Soldered Joints 


Soldered joints in the radiator should be reduced to 
a minimum and allowance should be made for the ex- 
pansion of the tubes. One western company uses 
packed joints with threaded glands, similar to those 
used in steam engine condenser practice, and from the 
operator’s viewpoint it is an excellent system. The 
radiator should also be spring-mounted, to take off jars, 
which are considerably larger than most people 
‘imagine. A sight feed glass and a petcock should be 
located in the system so that the operator can tell 
-whether the water is circulating properly. 

The injection of water through the intake manifold 
has a tendency to keep the engine cool, but the proper 
regulation of the amount to be fed may give difficulty. 

Another point that might be considered is that the 
‘heated air from the radiator, which is usually blown 
.over the motor, is not very effective in cooling the 
cylinders. It might be better for the engine, and would 
‘be much better for the operator, if this were diverted 
from the motor. A blast of air at the outside tempera- 
ture would help in keeping the cylinders cool. 

Although it would add to the complication, some 
means of keeping the crankcase oil cooled would help 
wonderfully in keeping the motor temperature down. 

A tractioneer hates to shut down a hot engine, be- 
cause of the difficulty in starting it again. Sometimes 
a little oil poured in the air intake to the carbureter 
will aid greatly in cooling a hot engine, but care 
must be taken not to choke it with too much. The 
final method of cooling is to shut down and open up 
the crankcase and allow the air to circulate through 
the case freely. This is bad, owing to the dust that 
may be blown in. Starting the motor will be hard, due 
to the hot walls reducing the weight of charge entering 
the cylinders and also to the lubricating oil running 


down off the piston and the cylinder walls, thus mak- 


ing poor compression. 

Aside from the foregoing considerations there is 
heating due to improper mixture, air leakage, etc., 
which are due to the engineer’s negligence and must 


be charged up to the human element. The other extreme 
of overcooling in winter can be regulated by shutter con- 
trol on the fan housing or by bypassing the water from 
the pump, either by thermostatic or manual control. 

Next to heating, lubrication may be said to be the 
operator’s worst trouble, although he is often unaware 
of the real cause. Most operators do not change their 
oil often enough, either because of lack of knowledge 
or of the owner’s objection on the score of cost. The 
tractor manufacturer is largely to blame for this in 
not impressing on the owner the necessity for chang- 
ing oil. The crankcase oil receives considerable car- 
bon from deposits that form on the lower side of the 
piston head, due to the heat charring the oil, and which 
in time jar loose and fall into the oil pits. Dust also 
gets in during filling up with oil at night and in test- 
ing bearings. It is somewhat of a question as to 
whether a filler cap should be provided or whether a 
man should take off a side plate to put in oil. By 
taking off the side plate the bearings are more closely 
watched, and all tests for bearing looseness should be 
made on warm engine. In either case there should 
be no projecting ledges to catch dirt and allow it to 
fall into the oil when either the cap or door is removed. 
Of course, the operator should wipe this dust off, but 
when a man draws up alongside of a tank wagon just 
as the sun is going down, with an hour’s work ahead 
of him in filling up and greasing, he is apt to let this 
slide. 

A combination of splash and force feed lubrication 
seems to me to be the best solution of the lubrication 
problem. I doubt if the main bearings get all the oil 
they need with the constant level splash, while with a 
full force system failure of the pump would lead to 
speedy damage unless noticed by the operator. Either 
a gage or a sight feed glass should be provided, so that 
the operator may know whether the pump is working 
or not. 


Crankcases 


Crankcases which do not have sufficient drain plugs 
or have pockets that must be baled out and finally 
cleaned with rags or waste take up a needless lot of 
time in changing oil. As the oil pump periodically 
gets clogged with foreign substances, it would be well 
if it were so shaped and located as to be easily ac- 
cessible. The oil pump should be at the lowest point 
in the system, so that the »il may get started imme- 
diately and so that the pump will deliver oil as long as 
there is any left. 

Where overhead rockers are used with “valve-in-the- 
head” motors a cover should be provided to keep dirt 
from settling on the stems of the inlet valves and by its 
abrasive action soon cause trouble from air leakage into 
the inlet ports. Provision must be made for rocker-arm 
and valve-stem lubrication. If possible, this cover should 
be easily removable to allow turning the valves about a 
quarter turn each day to prevent uneven seating and thus 
making the valves run longer between grindings. 

The governor working parts should by all means be 
dustproof and well lubricated. Also, the governor 
spring should be worked within a range of stresses where 
it will not be continually changing in value. A surging 
governor is extremely bad in pulling a ground driven 
harvester, which requires a steady gait to keep an even 
motion on the cylinder and fans. In exposed governors 
this surging is often caused by the gumming up of the 
moving parts with dirt and oil. 

As many parts as possible should be oiled without the 
use of compression grease cups, to save time in filling up. 
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One make of tractor has over forty grease cups of various 
sizes. However, it should be remembered that there are 
places where the compression grease cup must be used, as 
a very effective way of keeping dirt out is to have plenty 
of grease on the inside of a bearing. 

All gears should be enclosed and should be amply sup- 
plied with lubrication. Much grease is thrown off by ex- 
posed gears, and dirt collects in the grease that does stay 
cn. Aside from the wearing of the gearing it is hard to 
keep your tractor clean with a grease-slinging device op- 
erating all the time, and a dirty tractor is the beginning 
of trouble. 

Some of the tractor makers are fitting dust strainers 
on the intake air to the carbureter, and all of them 
should. Most people do not realize the amount of dirt that 
gets into the cylinders through the carbureter. 


Control 


A simple hydraulic clutch and speed control or a cor- 
respondingly simple magnetic control would be a welcome 
thing for the tractor operator. At present a man is be- 
tween the two fires of starting with a jerk or burning out 
the clutch by slipping. In crossing ridges and ditches the 
clutch n st be released to prevent the front end from 
rising and dropping suddenly. All of this causes wear 
on the lining. A more liberal design would be better than 
the present, and most tractors are designed for too great 
a pull on the levers. Exercising a pull at frequent inter- 
vals and only once or twice an hour are entirely different 
propositions. ' 

Another fault is that there is too much spring in the 
levers. Rim or band clutches in which two opposing 
toggles must be equally adjusted for correct action 
should have some equalizing device independent of the 
clutch adjustment. Since clutches in the neighborhood of 
gears are apt to be covered with oil, in spite of the op- 
erator, they should be designed to carry the load on the 
assumption that they are to run in oil. 

Steering should be made as easy as possible and power 
steering gear should be fitted to the larger tractors, espe- 
cially if there is much weight on the front end. However, 
it is possible to steer 75-hp. tractors by hand without ex- 
cessive exertion if the steering gear is built correctly. 


Tracks 


Means must be provided to allow the operator to keep 
his sprockets and tracks in correct alignment. A round- 
head track bolt, even if fitted with a square shoulder fit- 
ting in the track shoe, is mean to handle, as it is only a 
short time until the shoulder wears enough to turn. 
Either a solid link and shoe or some means of bolting on 
so that the bolts will stay tight must be developed, espe- 
cially for road work. 


Starting 


For the average tractor operator, starting either by bar 
or by turning the flywheel by hand is not a serious thing 
under ordinary circumstances. However, it is not an easy 
thing for a light-weight man, and on a cold morning or 
with a hot motor it is hard work for the best of them. 

As there is no housing of the tractor at night, every- 
thing is thoroughly cold on the tractor in the morning. 
The oil is thick and the motor turns over hard, while the 
gasoline and distillate are in poor shape for vaporizing. 
Engineers use various methods for starting on cold 
mornings, some of them dangerous. 

1—Prime each cylinder with gasoline, either through 
priming cocks or through spark plug holes. Turn en- 
gine over several times with ignition off and allow to 
stané a while. This allows some of the gasoline to va- 
porize and diffuse through the mixture. Then prime 


engine again through priming cock and turn over with 
ignition on. Under ordinary conditions the engine will 
start the first time, but on cold mornings more severe 
methods must be used. 

2—Put the gasoline priming can in hot water. I have 
seen engineers put the can in a fire or hold it over a 
blowtorch until the vapor begins to distill off. Prime 
with this warm gasoline. 

3—Warm up intake manifold and inside of cylinders 
through spark-plug holes with blowtorch; but care must 
be taken to stand clear of any possible flame from cyl- 
inders. Heat spark plugs. 

4—Pour gasoline or distillate over the heads and 
manifolds and set fire to it. Care must be taken that 
there are no pipe line or tank leaks near the flame. 

5—Prime with a mixture of gasoline and ether. Too 
much ether will lift the heads. 

6—Above all do not prime too much, as the raw gaso- 
line will wash the oil away from the rings and spoil the 
compression. Sometimes priming with a mixture of oil 
and gasoline or a little oil alone helps greatly. 

The fact that these severe and more or less dangerous 
methods are in common use shows the necessity for some 
good starting system combined with a method of getting 
an explosive mixture into the cylinder independent of 
the regular carbureter. 


Fire Hazards 


Although many fires were started before tractors were 
used and many are blamed on tractors where something 
else is responsible, the fact remains that a tractor in a 
grain field, dry as tinder, is a source of danger. Fires 
may be started by pieces of carbon thrown out of the 
exhaust, by pieces of hot wire blown off the spark ar- 
rester, by chaff or straw falling on the hot exhaust 
manifold and dropping off into the stubble, or by a pop* 
back in the carbureter in starting, and especially if the 
operator squirts gasoline into the air intake, as most 
cf them do. 

Some owners place a 30-gal. stove boiler, with the top 
head removed, on the front end of the tractor and bring 
the exhaust pipe of the engine down into the tank, so 
the exhaust gases must make a 180 deg. turn to get out. 
The lower portion of the tank up to about 6 or 8 in. of 
the end of the exhaust pipe is filled with water which 
quenches the hot particles of carbon, which are too 
heavy to turn with the gases. This tank, while very ef- 
fective in catching carbon, increases the back pressure 
on the engine and thus adds to the heating troubles. 

In addition a fire extinguisher is carried on the en- 
gine and one on the harvester. A can of water filled 
with wet sacks is also carried on the tractor, and on 
windy days a man follows the outfit on a saddle horse 
to watch for fires. For quick action he carries a wet 
sack on the saddle strings. On very windy days the out- 
fit stops. 


General Operation 


A gas tractor is excessively cold in winter and very 
hot to work on in summer. In the colder climates pro- 
vision should be made for a cab, but care must be taken 
to keep out exhaust gas from this cab. If the hot air 
from the fan were not driven back on the operator it 
would be cooler in summer. * 

A clear view ahead of the tractor should be provided, 
as it helps wonderfully in coming up to ditches and 
corners. 

Clutch brakes should be provided to keep the master 
clutch from spinning if the gears happen to be in the 
neutral position. 

(Continued on page 1359) 
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Matthews Full Automatic Lighting 
Plants 


Made in Capacities Ranging from 300 Watts to 6 Kilowatts—Start and Stop 
Automatically, as Required by State of Battery Charge or the Amount 
of Load on the Line — Plain Generator Set Also Furnished - 


By P. M. Heldt 


HE Matthews Engineering Co. of Sandusky, O., 

manufactures electric lighting plants in sizes 

ranging from 0.38 K.W. to 15 K.W. The line 
comprises automatic plants in 0.3, 1, 2, and 6 K. W. 
sizes and non-automatic plants of 1, 5, 10 and 15 K. W. 
In addition to these, a 12 K. W. plant is made, which 
comprises two 6 K. W. automatic generators connected 
in parallel. The smaller plants are used largely for 
lighting farms and private country houses, while the 
larger units find application in lighting and furnishing 
motor power for large estates, ranches, stores, dairies, 
churches, small towns, moving picture theatres, etc. It 
will be be noted that the automatic feature is used 
mainly in connection with the smaller plants. The rea- 
son for this is that with large plants there is usually 
some one who is looking after the installation all the 
time, and automatic control is not then essential. 

All of the automatic plants are, naturally, very much 
alike in design, so far as their electrical features are 
concerned. We have selected the 1 K. W. and the 300 
watt plants for description. The former comprises a 
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single cylinder, water cooled, upright engine, having 
cylinder dimensions of 3 x 3 in. The cylinder is of the 
“L” head type, with integral cylinder heads, the crank- 
case being cast separately. There is a large hand hole 
with cover plate on the side of the crankcase through 
which access can be obtained to the crankshaft and 
connecting rod bearings. The plant is of the 3 bearing 
type, that is, there are two bearings in the engine and 
one in the generator. The engine bearings are made 
of 8S. A. E. specification babbitt, and are extra large. 
The armature shaft is piloted in the end of the engine 
crankshaft, and is driven from the latter through a 
sort of jaw coupling. The crankcase is cast with two 
large openings on the end, over which are bolted the 
bearing plates. In order to insure absolute alignment 
of the engine bearings, these are line-reamed. The 
generator is held in alignment with the engine by 
means of a connector flange to which the former is 
bolted. 

Owing to restrictions on the amount of gasoline 
which can be kept within a building, the gasoline tank 





Sectional views of 300-watt generator 
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from which the fuel is drawn is located outside the 
building, and a 5 ft. length of copper tubing is fur- 
nished with the plant, by means of which connection 
can be made from the storage tank to a Stewart 
vacuum tank, which is secured to the cooling tank. 
The latter is an electrically welded steel barrel, 19 
in. in diameter by 34 in. in height. A Schebler Type B 
carbureter is fitted, which is” controlled by an electric 
governor. This governor has both a shunt and a series 
winding. It is so designed that when the generator is 
carrying only battery load, the generator voltage is 
maintained to give the proper charging rate; that when 
there is a lighting load in addition to the battery load, 
the throttle will be opened wider and more current will 
be generated to take care of this additional load. Bat- 
tery charging is continued until the charge is com- 
plete, when the plant will be automatically shut down. 
The governor consists of an electro-magnet with 
rotating or rocking armature to the shaft of which 
the governor lever is connected. The governor has 
both a shunt and a series wind- 
ing, each winding being on a © ~— 
separate spool. There are =.) 
three adjusting springs on 
which adjustments are made 
under the following condi- 
tions: If the governor fails to 
open the throttle sufficiently as 
the load is thrown on, and in 
consequence the battery begins 
to discharge, spring A should 
be slightly weakened: if when 
the plant is started the arma- 
ture M does not assume its nor- 
mal running position, that is, 
if the lever O does not come 
up against the far end of clip 
Q, then the adjusting spring B 
should be weakened; if, under 
normal running conditions 
with the battery connected to 
the plant, clip Q should not be 
up against the stop, then the 
adjusting spring C is too weak 
and should be_ strengthened. 


It will be noted that the governor lever is provided 
with a number of holes so that its effective length can 
be varied, and the lever can also be adjusted on its 
shaft by means of the clamp screw at the hub. 

Ignition is by a 32-volt vibrating coil in conjunction 
with a timer. The spark plug is screwed into the valve 
cap. Lubrication of the engine is by splash. A large 
crankcase oil reservoir is provided and there are hand 
holes in the crankcase on both sides. Four feet are 
cast on the crank chamber by means of which the en- 
gine is supported upon a channel iron frame. 

Ordinarily, starting is effected electrically, but for 
emergency cases a starting crank is provided, the shaft 
of which passes underneath the cooling tank to the 
end of the supporting frame. Cooling water is cir- 
culated by thermo-siphon action, the connections be- 
tween the jacket and tank being of ample dimensions. 

The generator is of General Electric make, and is 
a 4 pole type with laminated fields. Wave armature 
winding is used, and there are four brushes on the 
commutator. The outer end plate of the generator is 
cast with feet which rest on a cross member of the 
frame. The generator is wound for 32 volts, supply- 
ing current to a 16-cell Willard battery. 

The battery consists of 16 cells and 1 counter-cell, 
and has a capacity of 72 ampere-hours. The generator 
set occupies 60 x 21 in. floor space, is 42 in. high and 
weighs complete 480 lb., while the battery occupies 
39 x 18 in. floor space, is 21% in. high and weighs 
271 lb. 

The 300 watt outfit is probably the smallest com- 
mercial electric lighting plant ever manufactured, and 
its design has been reduced to the simplest form. 
Thus, the generator field frame and the engine crank- 
case are a single casting; likewise, the engine crank- 
shaft and the armature shaft are one and the same 
piece. The set comprises a single cylinder, vertical, 
water cooled engine of 2 in. bore by 3 in. stroke, with 
integral cylinder head. An overhanging crankshaft 
is used, which is hardened and ground, and held on 
by taper, key and nut. The plant is a two bearing job, 
having one bearing between generator and engine, and 
one generator outboard bearing. Non-Gran bronze 
bearings are used with.a ring oiler on the generator 
bearing. The connecting rod is made of bronze with 





Three-hundred-watt plant complete 








AUTOMOTIVE 
THE 


Basy Knire Switcn 
© STop) 





_— 


INDUSTRIES June 12, 1919 


AUTOMOBILE 


AMPERE Hour MereR = =key. Oilinig is by splash. There is a 






































































































To Governor - check valve in the oil return pipe from 
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iat gam 3 the main bearing so that the crank- 
: case compression cannot force oil up 
i this pipe and cause excess lubrication. 
| eS ne | A vacuum type of breather is used, 
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sé iT ‘. nel and of the two main bearings can 
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Circuit diagram 1 K. W, set 


adjustable bearing, and has an oil thrower secured 
to it. The crank is counterbalanced so as to insure 
smooth running. On the cam-shaft bearing there is 
a spiral groove which has a tendency to pull the oil in 
and keep the engine clean. Spur gears are used for 
the cam-shaft drive, the large gear being made of cast 
iron, and the pinion of steel. A mushroom type cam 
follower is used, and an adjustable tappet. The clear 
diameter of the valves is 15/16 in. The valves have 
cast iron heads and steel stems. The piston has 3 
rings and is fitted with a tubular piston pin which 
is hardened and ground. 

A Stewart vacuum feed system is supplied and 
thermo-siphon circulation of cooling water is used. 
The cooling tank measures 16 in. in diameter by 24 
in. in height. The carbureter is the Schebler model 
B, and is provided with a throttle lock device so the 
generator output cannot exceed 300 watts. Otherwise, 
if the engine were run under full throttle, it would be 
possible to get an output of 425 watts. 

Ignition is by a 32 volt, single spark, non-vibrating 
coil, the interrupter being mounted on the end of the 
camshaft. The flywheel is held on by a taper and 






Power generating unit of 1-kw. plant 


which are in the regular position, 180 

deg. apart, and in addition there is a 
third brush slightly behind one of the main brushes. 
A voltage of 36 is obtained between the main brushes, 
and these are connected across the storage battery, 
while a voltage of 32 is obtained between one main 
brush and the auxiliary brush, and the lighting load 
is connected between these two brushes. The fly- 
wheel is located outside the generator and has a weight 
of 22 lb. There is no flicker of the light with the 
engine running at 1250 r.p.m. 





1-kw. plant complete 


The switchboard and _ in- 
struments are much the same 
as on the other system. Lugs 
are cast on the field frame for 
holding the switchboard. The 
ignition coil is mounted on 
the end of the engine crank- 
case and is therefore close to 
the interrupter and the spark 
plug. 

In the foregoing descrip- 
tion the term “automatic” has 
been used repeatedly, and it: 
may be well to explain exactly 
what this term covers as ap- 
plied to this plant. In the 
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plant will continue to run, and in con- 
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condition of the battery. It takes ap- 
proximately one hour to charge the 
battery from the time the engine is 
started until the meter hand reaches 
the “full” stop. 

There is another condition which 
must be provided for in a mechanism 
of this kind, in order that the charge 
of the battery may always be main- 
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tained. It is well known that when a 
battery is standing idle for a con- 
siderable period there is always a slow 
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leakage of current. This leakage cur- 
rent, of course, does not flow through 
the ampere-hour meter, which conse- 
quently does not show the discharge 
of the battery. To take account of this 
discharge by leakage, the ampere-hour 
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Diagram of connections 1-kw. set 


first place, as soon as approximately 15 per cent of the 
battery charge has been withdrawn, the engine will 
start automatically and begin to recharge. If only a 
few lights, say 10 or 12, are turned on they will be 
supplied with current directly from the battery and 
the plant will be idle until. 15 per cent is taken from 
the battery. If a larger number of lights are turned 
on, say from 15 to 20, the generator will recharge the 
battery in the usual way, but when a state of full 
charge is reached it will not stop unless some of the 
lights are turned off. If an electric motor is switched 
on to the circuit the engine will immediately be started, 
and the entire load will be carried by the generator, 
irrespective of the state of charge of the battery. 
Once started, the engine willsnot stop until the bat- 
teries are completely charged, and as the generator 
carries all the heavier loads, even if the batteries are 
entirely full, a slow overcharge is obtained which 
keeps the battery in good condition. 

The automatic features of the Matthews lighting 
system are based on the Sangamo ampere-hour meter 
and an overload relay. All current passing into and 
out of the battery flows through this meter and causes 
the indicator hand of the instrument to turn on its 
dial. The complete discharge would move the indicator 
hand about one-third around the dial. Contact points 
are secured to the dial plate in the positions cor- 
responding to an empty battery, to a full charge, and 
to an 85 per cent charge. When the battery is being 
charged, the hand of the meter turns in a clockwise 
direction. 

On discharge as soon as the meter hand reaches 
the “start” point the engine is started and begins 
to charge. Of course, not as much current can be 
taken out of a battery as has to be put into it dur- 
ing the charge, and in order to make up for the differ- 
ence, the ampere-hour meter is so designed that its 
hand moves from 20 to 25 per cent slower on charge 
than on discharge, for a given rate of current flow. 
As already explained, if there is only a very small 
lighting load on the circuit when the battery is fully 
charged, the plant will be shut down. However, if a 
lighting load on the circuit is 17 amperes or over the 


meter is provided with a_ thermo- 
couple, which causes the disc of the 
meter to slowly revolve in the dis- 
charge direction, so that every 4 or 5 
days the plant will automatically start 
and recharge the battery, even though no lights are 
ever turned on and no current is consumed. 

One of the illustrations herewith shows a complete 
wiring diagram of the plant, in which are indicated 
not only the connections between the generator, bat- 
tery and load, but also the connections of the ignition 
system and the electric governor. All of the instru- 
ments are mounted on a switchboard which has an 
elonite asbestos base. These instruments include a 
contactor, an overload relay and a circuit breaker. 
the ampere-hour meter and a device of the same class 
known as a time limit relay. The contactor is in the 
form of a solenoid switch with three coils. One of 
these is referred to as a pull coil, the second as a hold 
col, and the third as a kick coil. The engine can be 
started in several different ways, one way being by 
means of a push button on the switchboard. Normally, 
the engine is started by the ampere-hour meter. When 
the hand of this meter comes around to the starting 
contact the circuit is closed through the pull coil of the 
contactor, and the battery is thereby thrown into cir- 
cuit with the generator, starting the latter as a motor. 
The ignition circuit of the engine is also closed through 
the starting contactor, so that the “spark” is on the 
moment the engine begins to turn over. 

As above pointed out, when sufficient current is be- 
ing used in the consuming circuit the engine will start, 
irrespective of the position of the hand on the ampere- 
hour meter. This is effected by a device called an 
overload relay—an_ electro-magnetic switch through 
which flows all of the current supplied by the plant. 
When the plunger of the relay is strong enough it pulls 
it up, thereby closing the circuit through the pull coil 
of the contactor, which starts the engine. 

In addition to the apparatus described above, the 
switchboard contains a time limit relay, the function 
of which is to open the battery circuit in case the 
engine for any reason should fail to pick up its cycle 
while it is being cranked by the generator... This would 
happen, for instance, if there was no fuel in the tank. 
When the battery is discharging the hand of the time 
limit relay turns clockwise, and vice versa. However, 
when the battery is being charged the hand can only 
(Continued on page 1359) 
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Four-Year Range of Wages in the 
Automotive Industry 


Influence of the War Upsets the Basis of Comparisons 
Previously Employed—Seasonal Fluctuations Still Obtained 


industry were increased from $2.50 a day aver- 

age in 1915 to $4.65 a day average in 1918. These 

figures are obtained from reports made to the Depart- 
ment of Labor monthly by automobile. manufacturers. 
The number of companies reporting range from 36 to 52. 
The accompanying charts were compiled from these 
reports and present the wages, numbers employed, pro- 
duction and selling prices in the automobile industry, the 
average daily wage and the average daily number em- 
ployed, the prices of basic commodities, and the wages 


W ‘industry: wer June 7.—Wages in the automobile 


The tables show the wages and number employed in 
the automobile industry only. For the sake of compari- 
son, where months of different years are used to obtain 
percentages, reports from the same factories only were 
used, regardless of the number filed. 

In accounting for increase of wages in the industry 
many factors must be taken into consideration. The first 
cause undoubtedly was the effort to meet the demand for 
quick production of war materials for our allies, much 
of which was made in automobile factories. After the 
declaration of war by this country, the withdrawal of 
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Wages and Numbers Employed in Automobile Industry 


c—Daily average—, 





-——Number on——, -Percent. ———Amount of Per cent number employed o—Average—, 
Establishments weekly payroll in of increase weekly pay roll in of increase per factory daily wage 
Mo. reporting 1916 1917* or decrease 1916 1917* or decrease 1916 1917 1916 1917* 
July 36 90,942 92,354 1.6 $1,615,257 $2,154,737 33.4 2526 2565 $2.54 $3.55 
Aug. 42 104,001 107,024 2.9 2,028,049 2,305,983 13.7 2476 2548 3.08 3.61 
Sept. 38 89,926 91,742 2.0 1,861,768 2,158,537 15.9 2366 2414 3.45 3.92 
Oct. 43 115,549 110,427 —4,4 2,409,981 2,610,926 8.3 2687 2568 3.49 3.60 
Nov 40 107,479 101,365 —5.7 2,375,177 2,529,603 6.5 2686 2534 3.84 4.16 
Dec. 47 104,638 101,415 —3.1 2,165,965 2,496,948 15.3 2226 2153 3.45 4.10 
1917 1918 1917 1918 1917 1918 
Jan. 45 110,256 98,816 —10.4 2,183,095 2,122,457 —2.8 2450 2190 3.28 3.58 
Feb. 48 134,387 119,882 —10.8 2,840,688 2,668,866 —6.0 2799 2497 3.52 4.08 
March 50 137,093 125,277 —8.6 3,073,893 2,981,051 —3.0 2741 2505 3.73 3.96 
April 50 125,407 117,352 —6.4 2,761,526 2,846,438 3.1 2508 2347 3.67 3.87 
May 47 120,112 114,745 —4.5 2,773,654 3,011,044 8.6 2555 2441 3.85 4.37 
June 47 104,024 109,669 5.4 2,337,951 2,858,794 22.3 2213 2333 3.74 4.34 
July 48 127,962 128,473 0.4 2,810,608 3,243,692 15.4 2665 2676 3.51 4.13 
Aug. 46 118,477 119,004 0.4 2,553,961 3,208,572 25.6 2575 2587 3.59 4.50 
Sept. 48 113,889 117,290 3.0 2,614,888 3,215,836 23.0 2372 2443 3.84 4.57 
Oct. 52 136,589 135,313 —0.9 3,241,109 3,776,737 16.5 2626 2602 3.95 4.65 
Nov. 51 79,831 87,536 9.7 1,721,481 2,155,906 25.2 1565 1718 3.59 4.08 
Dec. 48 108,498 114,427 5.5 2,608,839 3,058,385 17.2 2261 2383 4.00 4.45 
1918 1919 1918 1919 1918 1919 1918 1919 
Jan. 49 106,993 112 984 5.6 2,277,082 2,979,959 30.9 2181 2305 3.56 4.39 
Feb. 47 109,583 110,472 0.8 2,445,176 3,240,057 32.5 2331 2350 3.72 4.96 





*Where monthly figures are used for the sake of comparison with the previous year they are reduced to the same basis as the reports 
of the previous year. Viz., the report of the number employed in July, 1917, when used for comparison with 1916, is that reported by 
the same 36 factories as reported in 1916. 
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Chart 2—Relative number employed and wages paid in other large industries, based on figures for January, 1916, 
as 100 per cent 
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Showing the average daily 


high cost of living later became a contributory factor, 
but usually the demand for men in the automobile fac- 
tories kept the wage increase in the industry ahead of 
the cost of living increase. 

There a close relation between the numbers em- 
ployed in the automobile industry and in the kindred 
iron and steel and car building industries, as shown in 
Chart 2. In all of these industries the wage scale in- 
creased considerably more than the number employed, 
which usually is an indication of the wage increase. 

Increased prices for passenger cars have apparently 
had no serious effect upon the sales, as production in- 
creased constantly and in even greater degree than the 
selling prices up to 1918 when government control lim- 
ited the output. 


is 


Seasons Maintained 


That the numbers employed and the wage scales rise 
and fall simultaneously in normal times is indicated by 
the curves from November, 1915, until November, 1917, 
following which time the effect of the war became notice- 
able and the wage scale of the automobile industry in- 
creased while the numbers employed decreased (see Chart 
1). Shortly after, in January, 1918, the influence of the 
war on production and working organizations was marked 
with a decline. 

Prices of steel and iron rose to unprecedented heights 
in 1917, increasing more than 300 per cent. A reduction 
to an increase of 150 per cent above pre-war prices was 
effected in 1918 when the government exercised its price 
control. Crude rubber, although fluctuating during the 
past four years, has maintained a fairly stable price level. 

It is particularly interesting to note (Chart 3) that 
the wages from July, 1916, to February, 1918, rise and 
fall in practically the same months as the wages from 
July, 1917, to February, 1919, although the latter scale 
is approximately 50 per cent higher, indicating that 
some such influences as inventory or selling seasons or 
production seasons have a slight effect. Similarly the 
size of the working organizations rises and falls in simi- 
lar months for different years. Apparently the war had 
very little influence on those factors which caused the 
slight increases and decreases that mark the different 
months on the chart as it will be noted, the number em- 
ployed from July, 1916, to February, 1918, had decreases 
in December, 1916; June, 1917, and November, 1917, 
which were again displayed in the curve for the period 
July, 1917, to February, 1919. 
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number employed and wages in the automobile industry 


The increased price of passenger cars is apparently 
due equally to the increased prices of steel and iron and 
the growing wage scale. 

In the table showing the wages and numbers employed 
in the automobile industry it will be noted that wage in- 
creases have been as high as 33.4 per cent for one year 
while decreases have never totaled more than 6 per cent. 
Working organizations have increased as much as 9.7 
per cent when in November, 1918, they increased to 
87,536 from 79,831 employed in the same month of the 
preceding year. The greatest wage increase was re- 
corded in July, 1917, when the pay roll of thirty-six 


manufacturers totaled $2,154,737 as compared with 
$1,615,257 in the same factories for July, 1916. A con- 
siderable increase was also noted in February, 1919, 


when the pay roll totaled $3,240,057 as compared with 
$2,445,176 for February, 1918, an increase of 32.5 per 
cent. 


Relative Wage and Number Employed in 


Automobile Factories 
FROM NOVEMBER, 1915, TO JANUARY, 1919, 
JANUARY, 1916, EQUALS 100 PER CENT 
Number on Amount of 


IN WHICH 


Month and Year Pay Roll Pay Roll 
1915—November 99 108 
December ........ 100 100 
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A Review of the Motor-Fuel Situation 


Limitations and Possibilities of Different Fuel Sources —Interrelations of 
Engine and Fuel Development — Comments on the 
Essentials of a Research Organization 


; By Joseph E. Pogue* 


HE rapid growth of the automotive industry has 
‘['e increased the demand for motor-fuel that the 

ability of the fuel supply to keep pace has come 
into question. As a stringency in fuel supply will prove 
a retarding factor in the expansion of the automotive 
industry, the subject is a vital one not only to automo- 
tive manufacturers, but to the general public as well. 
A review of the motor-fuel situation as it stands in 
1919 is, therefore, timely, for only by widespread ap- 
preciation of the nature of the fuel problem and es- 
pecially of the steps that may be taken in solution can 
the most favorable outcome be assured. 


THE PETROLEUM SITUATION 
Crude petroleum to the extent of ap- 


oping for converting kerosene and fuel oil into gasoline, 
as well as for using them directly in motors, and in pro- 
portion as the motor-fuel demand encroaches upon these 
cheaper products their price advantages over gasoline will 
tend to disappear. 

The close interplay between gasoline, kerosene, and 
fuel oil, arising from their production in common from 
a single raw material and their (as yet limited) inter- 
changeability, is a factor of great significance which 
should be held clearly in mind in viewing the motor-fuel 
situation. 

Era of Surplus Gasoline——Until recently, crude pe- 
troleum was mined in gross excess of the quantity neces- 
sary to provide an ample supply of gasoline. Much gaso- 
line in consequence was unrecovered from 





proximately a third of a billion barrels is 0 $0) | the crude petroleum brought into use. This 
mined annually in the United States. Most MA Wx OQ gasoline represented “slack” in the situa- 
of this quantity is refined to produce gaso- SX csahniee. IY tion (see Fig. 3). During this period, ex- 
line, kerosene, fuel oil, lubricating oil, and [Qs 7 S44) Pansion in gasoline output was readily ef- 
various by-products. The relative produc- [|S SN — : N SO fected merely by subjecting a growing 
tion of these products in 1918 is shown in Beene ae SON) share of the crude output to refining. 

Fig. 1. MOO Even though the rate of increase in gaso- 


Gasoline, of course, is the predominant 
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line production has for some ten years 





motor-fuel in use in this country; kerosene 
is coming into prominence as a motor-fuel, 
although a small part only of the output 
as yet finds such application; fuel oil, 
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exceeded the rate of increase in produc- 
tion of crude petroleum, no stress was felt 
until the gasoline “slack” began to run out 
around 1917. Then the burden shifted to 
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which bulks larger than gasoline and kero- 
sene combined, is mostly employed for 
firing boilers, although a trifling quantity 
is used in Diesel engines and a small frac- 
tion is converted into gasoline through 
processes of pressure distillation known 
as “cracking.” 





more rigorous means for sustaining the 
supply. 

The Era of Tightening Gasoline Supply. 
—At present practically all the easy-to- 
extract gasoline is removed from the crude 
petroleum mined, and the motor-fuel de- 
mand is not filled by the quantity obtained. 


The Joint-Product Character of Gasoline. SX YQ A growing discrepancy is covered by crack- 
—Gasoline is not an independent product, : FUEL OIL “o ing fuel oil into gasoline, by lowering the 
free to respond singly to motor-fuel de- S 48.27% volatility of gasoline which permits a larger 


mands, but is intimately tied up with the 
production of other constituents of crude 
petroleum, especially kerosene and fuel oil. 
In consequence, the price and supply of 
gasoline are influenced by market condi- 
tions holding for kerosene and fuel oil. 
Before the vogue of the internal com- 





‘174,000,000 bbls. 





percentage (at the expense of kerosene) to 
be extracted, and by gathering the gaso- 
line suspended in natural gas. These eco- 
nomic expedients are recent developments, 
and are being called more and more into 
play by the rapidly expanding demand for 
gasoline. In the absence of conspicuous 
gasoline “slack” within the crude supply, 








bustion engine, gasoline was a by-product 
of little value turned out in connection with 
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the expansion in output of crude petroleum 





the manufacture of kerosene, but the rapid 
upgrowth of the light motor has brought 
gasoline into more urgent demand than 
either kerosene or fuel oil, with a resultant 
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has ceased to be adequate to accommodate 
the situation. 

Supply of Crude Petroleum Limited.— 
Not only is the production of crude petro- 





price discrepancy between the three (see 


Fig. 1—The production 


leum failing to keep pace with the demand 
for motor-fuel, thus already forcing into 








Fig. 2). Means, however, are now devel- 
*Division of Mineral Technology, U. S. National 
Museum Formerly of the Oil Division, U. S. Fuel 


Administration. 


of petroleum products in 
the United States during 
1918 


play other expedients for expanding the 
supply, but also the unmined supply of 
petroleum has a physical limit which is rap- 
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idly being approached. The U. S. Geological Survey in 
early 1919 estimated, on the basis of extensive engineer- 
ing data, that the available petroleum still underground 
in the United States approximates 7,000,000,000 barrels. 

In view of the large and rapidly increasing annual 
draft upon this reserve, the supply seems startlingly in- 
adequate to sustain the motor-fuel situation for any 
satisfactory period of time. Moreover, it is well known, 
because of the greater extent of drilling necessary, that 
petroleum may be mined only at increasing cost and with 
increasing difficulty as the resource is depleted. It is 
already a common belief among petroleum engineers that 
the oil output of the United States has practically 
reached its maximum, 

The recent interest on the part of the oil industry in 
acquiring reserves of petroleum in Mexico and South 
America is but the business reflex to this point of view. 
But even with the most optimistic assumptions on behalf 
of contributions from foreign countries, it can scarcely 
be hoped that the petroleum reserve available to the auto- 
motive industry of this country will be found to exceed 
twice the quantity now in sight. 

Supplementary Gasoline from Natural Gas.—At pres- 
ent a highly volatile gasoline is extracted from natural 
gas in many parts of the country and blended with 
petroleum distillates too heavy alone to be marketed as 
gasoline. In this way, commercial gasoline in quantity 
aggregating about 10 per cent of the total supply is 
manufactured. The production cost of such gasoline is 
low and the growth of this industry has been rapid in 
the past few years. The contribution of this by-product 
source, however, is limited as to the future, since natural 
gas is a waning industry and gasoline is already being 
extracted from roughly half of the supply. 

Cracked Gasoline from Fuel Oil.—Fuel oil, the petro- 
leum product turned out in greatest bulk and selling 
around a quarter to a fifth the price of gasoline (see 
Fig. 2), is the source of a growing quantity of gasoline. 
By special methods of distillation, certain qualities of 
fuel oil are transformed or “cracked” into a grade of 
gasoline that is mixed with straight refinery gasoline 
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Fig. 2—The average wholesale price of gasoline, kero- 

sene and fuel oil in 1913-1918. Data from Oil Division, 

U.S. Fuel Administration and Price Section, Bureau of 
Planning and Statistics, War Industries Board 
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and contributes by so much to the total supply. Infor- 
mation is wanting as to the exact contribution made by 
cracked gasoline, as the cracking operation is often an 
integral part of the ordinary refining process, and the 
records are not separately available. 

Theoretically, the supply of gasoline can be doubled, 
or even trebled, from the same quantity of crude; but 
practically, the development and expansion of cracking 
processes are slow and it is estimated that it would re- 
quire something like ten years for cracking to double the 
percentage of gasoline obtainable from crude over the 
average of 23 per cen. now extracted. 

In the meantime, other insistent demands bearing 
down upon fuel oil may be expected to lessen the price 
interval between fuel oil and gasoline, which is now the 
chief economic motive for the process. With engines 
adopted only to volatile gasoline, the automotive indus- 
try is now almost wholly dependent upon the competency 
of cracking to expand the fuel supply. Whether crack- 
ing can meet the issue fully without an undue increase 
in the price of gasoline (which, in fact, would not be 
meeting the issue) is open to question. 

Additional Motor-Fuel by Lowering the Volatility of 
Gasoline.—It is common notoriety that gasoline during 
the past few years, especially during the past twelve 
months, has been becoming heavier and less volatile in 
quality. In this way, the total supply of gasoline has 
been increased at the expense of the lighter fractions of 
“kerosene” which went the way of motor-fuel instead of 
illuminating oil. This outcome is thought to be the 
normal economic response to a growing demand that the 
increases in crude production and the increments from 
natural gas and cracked fuel oils were unable to meet 
unaided. At any rate, lowering volatility is in actual 
progress and thus far the tide has not been stemmed, 
although the tendency has been widely frowned upon and 
excoriated. 

Kerosene as Motor-Fuel.—Kerosene which sells now 
for about half the price of gasoline (see Fig. 2) is avail- 
able for use as a motor-fuel (a) either directly as such, 
(b) after cracking into gasoline, or (c) through addi- 
tion to the gasoline supply, which is thereby decreased 
in volatility. 

There is a growing tendency, especially in the tractor 
industry, to use kerosene directly as a motor-fuel, but 
thus far its use in the gasoline engine cannot be said to 
have given generally satisfactory results. Cracking proc- 
esses are under development which employ kerosene as 
their raw material, but the commercial practicability of 
such processes remain largely to be established; up to the 
present certain grades of fuel oil represent the dominant 
raw material from which cracked gasoline is produced. 

The indirect use of kerosene through incorporation 
into the gasoline supply has already been adverted to; 
this use has already appreciably reduced the output of 
kerosene proper, but the engine in current use interposes 
a barrier to a practical extension of this expedient to 
embrace the entire kerosene cut. 

Kerosene commands a lower price than gasoline merely 
because it cannot be so readily used for motor-fuel pur- 
poses. As soon as it assumes a parity in use, it may 
be expected to attain an equality in price. 

Fuel Oil as Motor-Fuel.—F uel oil is available as motor- 
fuel (a) directly in the heavy-oil engine of the Diesel 
or semi-Diesel types, (b) indirectly through the avenue 
of cracking into gasoline, and (c) directly in the current 
type of engine through the medium of gasification by 
means of heat. 

As fuel oil is now almost exclusively used for steam- 
raising and gas manufacture—purposes for which coal 
would suffice—virtually the entire supply can be eco- 
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nomically captured by the automotive demand. Fuel 
oil is due for a rapid diversion to transportation pur- 
poses, and competition will rapidly develop between 
cracking, on the one hand, and a direct use, either in 
heavy-oil engines or upon gasification in light motors, on 
the other. 

It remains to be seen whether this competition will 
result in a retardation in the development of cracking 
technique, the direct uses winning out; or whether crack- 
ing will prove competent to augment progressively the 
gasoline supply, the field of direct uses being accord- 
ingly narrowed by this counter demand. Upon the out- 
come will depend the course that engine development in 
the truck and tractor industries should take—whether 
the goal should be the heavy-oil engine, gasification appa- 
ratus, or a continuation of the present type of motor. 

The whole matter, from the automotive standpoint, is 
complicated by the tremendous prospective upgrowth in 
the use of the marine motor burning fuel oil—a develop- 
ment that will encroach more and more upon the fuel 
oil supply at the same time that fuel oil is coming to 
be needed by automotive agencies on land. 


SUPPLEMENTARY RESOURCES OF NON-PETRO- 
LEUM ORIGIN 


With the tightening up of the gasoline situation, with 
its attendant problems as to the competency of cracking 
to maintain adequate increases in supply versus engine 
adaptation in the direction of accommodating the heavy 
fractions of petroleum distillation, there come into view 
a number of supplementary fuel resources such as benzol, 
alcohol, and shale-oil distillate, seeking a motor-fuel réle. 
These fuels, or at least the first two, are now beginning 
to come upon the market, and although they were unable 
to compete with gasoline during the era of gasoline sur- 
plus, they now have possibilities of development as op- 
posed to supplemental resources of petroleum origin, such 
as kerosene, fuel oil, and cracked gasoline. Whether 
these supplements can edge into use before crude petro- 
leum is yielding up its full quota of motor-fuel values is 
an important question, the answer to which is contingent, 
in part, upon the fuel policy of the automotive industry. 

Benzol as a Motor-Fuel.—Benzol is a light oil pro- 
duced in commercial quantities along with coke, gas, am- 
monia, and tar, when bituminous coal is subjected to 
distillation in the by-product coke oven. The average 
yield is about 214 gallons of benzol per ton of coal and 
roughly 1-12 of the bituminous coal mined in the United 
States is treated in this way. 

The country’s output of benzol has increased materially 
during the war, owing to the demand for this product in 
connection with the manufacture of explosives, resulting 
in a surplus of benzol now which must find an outlet 
in the form of motor-fuel. Increases over the present 
supply of benzol, however, are contingent upon the rate 
of progress in the by-product utilization of coal, which 
in turn is dependent upon the rapidity with which the 
beehive coke oven is replaced by the by-product oven in 
the coke industry, and the course of progress in the gas 
industry in the direction of supplying the fuel needs of 
communities under by-product practice. 

At best, the benzol available for motor-fuel use must 
represent only a small fraction of the motor-fuel de- 
mand; but at the same time the quantity available must 
be reckoned with. 

Benzol is-a satisfactory fuel in the present type of 
engine, after a slight carburetor adjustment which is 
readily made. Fortunately it is miscible with gasoline, 
so that it may be used alone, mixed with gasoline, or 
alternating with gasoline. This feature greatly simpli- 
fies the problem of distribution. 
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Fig. 3—Chart showing the tightening up of the gaso- 
line supply in the United States. Data from Oil Divi- 
sion, U. S. Fuel Administration 


Benzol is already coming on the market in small quan- 
tities in the eastern part of the country, selling at the 
same price as gasoline. 

Alcohol as Motor-Fuel.—Alcohol stands apart from the 
fuels previously reviewed in the fact that it can be made 
from products of vegetable origin which are reproducable 
from year to year and therefore makes no drain on re- 
sources limited in quantity. As it constitutes a satisfac- 
tory fuel even in the present type of engine, and so far 
as raw materials are concerned can be manufactured in 
practically unlimited quantities, it offers a reassuring 
prospect in the face of a rapidly waning petroleum re- 
serve. 

Alcohol in composite form, mixed with benzol, kero- 
sene, and other materials, has already come on the east- 
ern market in small quantities; and manufacturers of 
industrial alcohol are making efforts to build up a motor- 
fuel demand for this substance. 

The future of industrial alcoho] as a motor-fuel re- 
mains to be seen. Thus far it has been unable to com- 
pete with gasoline, which was to be expected during the 
era of “easy” gasoline, especially as the cost of produc- 
tion, in the United States at least, has prevented a selling 
price in competition with gasoline. 

With increasing facility in production, especially if the 
price of gasoline goes up a few cents, alcohol may be 
expected to assume increasing prominence; and it is an 
open question as to whether alcohol may not come into 
widespread use more rapidly than shale-oi] distillate, its 
rival supplementary resource. 

The legal difficulties in the way of widespread alcohol 
utilization, however, are to be taken into account as a 
retarding factor; although the coming in of Prohibition 
will free capacious manufactories for the production of 
industrial distillation products in the place of beverages 
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and give further incentive for the development of indus- 
trial alcohol. 

Alcohol, therefore, must presumably sooner or later be 
reckoned with as a motor-fuel. The progress of alcohol, 
however, will depend not so much upon its own merits 
as upon its status in regard to the range of motor-fuels 
likewise undergoing development and the extent to which 
its upgrowth will fit into the general situation. These 
relationships have scarcely as yet been sufficiently in- 
vestigated to permit of more definite statement in ad- 
vance. 

Shale-Oil Distillate as Motor-Fuel.—The occurrence 
in many parts of the country, especially in Colorado, 
Utah, and Wyoming, of immense areas of black shales, 
capable of yielding upon distillation appreciable quanti- 
ties of an oil analogous to petroleum, has attracted con- 
siderable attention of late and offers a prospective source 
of motor-fuel. Oil-shale, indeed, is generally looked upon 
as the logical successor to petroleum, which will come 
into commercial development as soon as the richer petro- 
leum resource needs a supplement. 

Shale-oil cannot be produced as cheaply as petroleum 
at the present price level of the latter, although it is 
expected by many that moderate price advances over the 
present scale may bring shale-oil on a parity. 

Considerable preliminary developments have already 
taken place over the past few years in Colorado and 
Utah particularly, but the progress of the new industry 
has been slow. At best, even granted a distinct need 
for output, the development of a large production of 
shale-oil must be a matter of many years, because of 
the extensive mining operations and large distillation 
plants that must come into existence as a preliminary. 

Shale-oil will probably be able to yield a range of 
products roughly analogous to those extracted from 
petroleum, which is a very fortunate circumstance for 
the automotive industry, since engines developed: for 
petroleum products will presumably prove suitable for 
shale-oil products. On the other hand, there is danger 
of a hiatus in supply, should petroleum output fall off 
more rapidly than shale-oil output develops; although a 
rapid development of fuel alcohol may stand ready to fill 
in the gap. 

All these uncertainties, however, make it the more im- 
perative that the automotive industry should adopt a 
fuel policy broad enough to care for all contingencies. 

Composite Fuels.—Heretofore, automotive transporta- 
tion has employed single fuels, chiefly gasoline. With the 
approach of supplementary fuels, and with progress in 
fuel research, the matter of mixed or composite fuels 
is assuming considerable interest. If it becomes neces- 
sary for the motor-fuel demand to be met by two or more 
fuels of diverse sources, the question of distribution 
will assume added importance, as to whether those fuels 
may be more advantageously marketed separately or as 
a blend. 

It may turn out that a virtue can be made of a neces- 
sity, so to speak; for initial researches on mixed fuels 
have already gone to show that certain admixture may 
yield more favorable results than the components in 
severalty. Indeed, it is thought by some that results of 
almost revolutionary significance may be attained by 
intensive research in this direction following the trend 
of the economic situation in respect to motor-fuel pro- 
duction. 

Up to the present, the field of composite fuels has 
been beclouded by a number of fakes and half-baked 
developments, to which an undue amount of publicity 
has been given. The industry will have to continue to 
be on its guard against falsifications in a field so little 
known and with possibilities so unsounded. 

Significance of New Fuels Relative.—Since automotive 


AUTOMOTIVE INDUSTRIES 
AUTOMOBILE 


June 12, 1919 


transportation has developed and become standardized on 
the basis of gasoline, the significance of the various fuels 
coming into sight to supplement the gasoline supply does 
not depend upon the individual merits of the fuels se 
much as upon their capacity to enmesh with the existing 
situation. 

A study of individual fuels, therefore, will prove mis- 
leading if not accompanied by an appraisal of the rela- 
tionship that each bears not only to gasoline but to all 
other tuels that have potential motor use. This is one 
of the features which renders the motor-fuel problem 
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Fig. 4—Chart showing the rate of increase and char- 

acter of the motor-fuel demand during 1910-1918. Data 

from Bureau of Oil Conservation, Oil Division, U. S., 
Fuel Administration 
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so intricate and so elusive if viewed with its various 
parts dissociated. It cannot be too strongly emphasized 
that the merits of any single factor in the situation, 
whether it be a process such as cracking, a new fuel 
undergoing development such as benzol or alcohol, a fuel 
in the offing such as shale-oil distillate or new types of 
mixed fuels, cannot be evalued unless cross-referenced 
with respect to all counter developments falling under its 
sphere of influence. 

Such a condition renders a discussion of the situation 
peculiarly difficult, since the exigencies of language re- 
quire that each topic be discussed separately, and all the 
due qualifications and cross-currents cannot be introduced 
without a fatal sacrifice of clearness and brevity. In 
visualizing the trend of the motor-fuel situation, there- 
fore, the reader must hold in mind that the advance is 
not comprised of elements developing in parallel manner, 
but is more like a jostling crowd of components, each 
affected by the recurring impacts of all the others. 


EVOLUTION OF THE MOTOR-FUEL SITUATION 


If we view broadly the development of the automotive 
apparatus from a fuel standpoint, there appears to be an 
evolutionary trend behind the matter, with a bearing of 
considerable significance upon the issue under consid- 
eration. 

Era of Engine Independence.—The era of gasoline 
surplus, when gasoline remained unextracted from a 
significant share of the output of crude petroleum, may 
also be termed the era of engine independence. The 
expansion in motor-fuel demand was then met by running 
a larger share of the crude petroleum through refineries, 
and the gasoline supply was maintained without sufficient 
change in quality to dictate adaptations in engine design. 
During that time, engine progress lay largely in the di- 
rection of refinements of quality—flexibility, power, con- 
venience, etc. Fuel was standardized—a volatile gaso- 
line—and the enginé was independent of other fuel con- 
siderations. 

Era of Superficial Concessions to Fuel.—During the 
past few years, a tightening up in the gasoline supply 
has become apparent, and in spite of various expedients 
for maintaining the gasoline of earlier days, a notable 
change in quality has come into evidence. 

Gasoline has been getting heavier, less volatile, em- 
bracing an increasing quantity of material formerly pro- 
duced as kerosene. This progressive change in gasoline 
quality is especially noticeable in winter, because of diffi- 
culties in starting engines, and during the past two 
winters in particular troubles on this score have passed 
the stage of inconvenience. So long as both fuel and 
engine remained standardized, all was well. 

Now the fuel is undergoing de-standardization, so to 
speak, and the engine, built to use high-volatile gasoline, 
is forced to use low-volatile gasoline. Already, the en- 
gine has recognized this maladjustment, as indicated by 
superficial concessions to this state of affairs, as by pre- 
heaters, hot-spots, and the like, and by the upgrowth of 
a host of so-called fuel economy devices. The engine is 
now passing through an era of superficial concessions to 
the fuel situation. 

Future Relation of Engine and Fuel.—Unless the pres- 
ent trend of motor-fuel reverses itself, the automotive 
industry will have to cope with a fuel growing progres- 
sively less specialized, or else with a diverging range of 
fuels, which comes to the same effect. The automotive 
industry, theoretically, can stop the change now taking 
place in fuel by holding fast to the present engine in 
detail, but this procedure will so limit the supply and 
increase the price of fuel that in eames the engine will 
have to give way. 


It is concluded, therefore, that an era is arriving when 
the engine will have to make rather radical concessions 
to fuel, as a relief to a strained situation; and the prob- 
lem before the automotive industry is: First, to recog- 
nize this situation; and second, to establish means for 
making these concessions with the maximum easement to 
the supply and price of fuel. Anything short of this 
will mean just so much of a detriment to the growth of 
automotive transportation. 

A view of the rapidly increasing demand for motor- 
fuel, as shown graphically in Fig. 4, with reference to 
the limitating factors in supply as already noted, will 
emphasize the likelihood of conditions arising that will 
influence engine design. 

Realization of a Motor-Fuel Problem.—The inevitable 
concern of the automotive industry in the motor-fuel 
situation is just coming to be appreciated. A year ago 
it was quite generally felt that fuel was a thing apart 
from automotive manufacture. Now the fuel situation is 
a live issue in the automotive industry. 

The rise of a fuel problem, however, was not entirely 
unanticipated. For years the U. S. Geological Survey 
and the U. S. Bureau of Mines have pointed out the 
limited size of the petroleum resource and the need for © 
its conservation. 

In 1918, the Bureau of Oil Conservation of the Oil 
Division of the Fuel Administration made a special study 
of the motor-fuel situation and urged both upon the 
National Automobile Chamber of Commerce and the So- 
ciety of Automotive Engineers that the matter be brought 
effectively to the attention of the automotive industry. 

At the winter meeting of the Society of Automotive 
Engineers on Feb. 5, 1919, a morning was devoted to a 
fuel session, at which time a number of authoritative 
papers were presented, which served to outline the situa- 
tion and call attention to the issue.’ Following this meet- 
ing there has been a general agitation of the matter, 
and the topic of motor-fuel is now prominently before 
the automotive interests. 

As a specific outcome of the meeting, a fuel research 
committee was appointed by the Society of Automotive 
Engineers, and this committee is now formulating plans 
for the establishment of a research organization charged 
with the duty of handling the fuel problem in behalf of 
the automotive industry. 


SOLUTION OF THE MOTOR-FUEL ISSUE 


Although the existence of a fuel problem is already . 
generally appreciated, and preliminary steps have already 
been taken toward attacking the issue, there is danger 
that the true nature of the problem will not be appre- 
hended and consequently a false start may be made. 

While the problem is exceedingly complex when all its 
details are taken into consideration, the fundamentals 
appear to be sufficiently clear if the matter is logically 
analyzed. For example: Accepting the existence of a 
tightening-up tendency in the fuel supply as an obvious 
fact, there are two avenues of relief—increasing the 
efficiency of fuel utilization and enlarging the fuel supply 
itself. The first issue is a more direct matter than the 
second and may be more concretely handled, if concerted. 





'These papers were planned to give an authoritative expressiom 
of each important phase of the fuel problem, as follows: 
. The Unmined Supply of Petroleum in the United States, by 
David White, U. S. Geological Survey. 
. Mexico as a Source of Petroleum and Its Products, by E. 
DeGolyer, Consulting Geologist. 
The Status of Refinery Practice in the United States, by E. W. 
Dean, U. Bureau of Mines. 
The Solent of Engine Efficiency in the United States, by H.C. 
Dickinson, U. S. Bureau of Standards. 
. An Interpretation of the Engine-fuel Situation, by J. E. Pogue, 
U. S. Fuel Administration. 
; et ment Utilization of Fuel, by ©. F.: Kettering, President: 
of the 
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engineering effort.and business policy is brought to bear 
intensively upon it. 

In regard to increasing the fuel supply directly, how- 
ever, the issue takes on a more intangible and elusive 
aspect. The curve of oil production is lagging behind 
the curve of motor-fuel demand, and consequently im- 
proved technology and supplementary resources must 
come into action if an unbroken advance is to be main- 
tained. 

But inadequate study has yet been brought to bear 
upon the relationship that the various fuels undergoing 
development hold to the fuel (gasoline) in current use, 
and therefore, to put the matter bluntly, relatively noth- 
ing is known of the real situation as it is shaping up. 
In other words, the problem has transgressed the bounds 
of the conventional methods of study and research here- 
tofore employed; and unless new means are brought to 
bear upon the problem, no hope of a solution should be 
entertained. 

Need for Scientific Control—What is needed is an 
agency, representative of the automotive industry, com- 
petent to bring engine development into harmonious 
adjustment with fuel developments. This adjustment, of 
course, will ultimately be attained under the give and 
take of competition, but such an adjustment will prove 
slow and wasteful, and the industry, in the meantime, 
will be subject to retardation in event of fuel shortage. 
Instead of awaiting such an outcome, with its attendant 
vicissitudes, the automotive industry can take the matter 
in hand now and, by applying scientific method to the 
issue, insure itself against the evil effects of a period of 
fuel stress. 

Means for Administering Scientific Control.—The fuel 
research organization now (June, 1919) undergoing 
formation is the obvious agency upon which the industry 
must depend for a solution of the fuel problem. Upon 
the vision and ability of this organization the success 
of the whole matter turns. It is of the utmost impor- 
tance, therefore, that this organization be projected com- 
mensurate with the character and importance of the prob- 
lem it is designed to solve. 

The Functions of a Fuel Research Organization.—The 
fuel problem is not one which laboratory research alone 
can solve. The fuel situation must be explored and har- 
monious fuel policies must be developed, in addition to 
the work of research upon fuels and engines. 

A fuel research organization, therefore, to be ade- 
quate, must accommodate three functions: economic 
analysis, to determine the course of fuel developments in 
relation to engine design; research, to build up the tech- 
nology requisite to advance in fuel efficiency and fuel 
production; and industrial co-ordination, to insure an 
aggregate of fuel policies in adjustment with the needs 
of the fuel situation.‘ Only through an adequate organi- 
zation, functioning in this three-fold manner, can the 
requisite efforts toward increasing thermal efficiency and 
enlarging the fuel supply be put forward by the automo- 
tive industry. 

It cannot be emphasized too strongly that an ample 
supply of fuel depends not only upon the efficiency ob- 
tained in the engine from the fuel actually used, but also 
upon the efficiency attained in the realm of fuel produc- 
tion, which is contingent, in part, upon the requirements 
of the engine-type. It is the peculiar nature of the fuel 
problem to embrace the possibility of contributing to 
an easement of fuel supply in these two directions. 

Difficulties in the Way of Progress.—There is a grave 


'Phese three functions are. elaborated in a paper, by the present 
writer, entitled ‘““The motor-fuel problem,”’ to be presented before 
the June Meeting of the Society of Automotive Engineers at Ottawa 
Beach and subsequently to be published in the Journal. 
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danger, at the present stage of affairs, that the true 
nature of the fuel problem will not be generally enough 
apprehended, and that a research organization too nar- 
nowly conceived to.meet the issue will be established. 
This danger arises from the fact that a limited and 
narrow conception of the term “research” prevails, as 
being a matter entirely of material, laboratory investi- 
gations; while at the same time there exists a general 
tendency to overlook the fact that the fuel problem is 
primarily an economic issue, of which technology is only 
one factor. 

Impossibility of Finding a Ready-Made Solution.— 
There seems to be a general feeling on the part of many 
in the automotive industry that a definite program for 
meeting the motor-fuel issue ought to be forthcoming. 
The point of view of the industry may perhaps be sum- 
marized in four questions.’ 

1. Are the gasoline producing companies doing all 
they can to produce the maximum motor-fuel from the 
available crude? 

2. What must the automotive manufacturers do to 
obtain a greater percentage of efficiency from the fuel 
utilized? 

3. What contemplated changes in fuel characteristics: 
do the fuel producers expect will have to be made within 
the next five years? ; 

4. What changes may this necessitate in the design of 
automotive apparatus? 

It is felt by many that if answers to these questions 
could only be provided, the industry would then have a 
basis for action and could make definite progress. 

In this light, however, it appears that an essential 
step in the problem—scientific exploration of the problem 
itself—is being quite universally overlooked. In the 
writer’s opinion, no individual or organization in the 
country knows the answers to these questions. The 
answers have not been worked out. There has, indeed, 
been no agency engaged in working them out. If an- 
swers are necessary as a preliminary to action, the step 
immediately ahead is to establish an agency competent to 
bring adequate and rigorous scientific study to bear on 
the matter and to work out the answers. 

In short, there appear to be three stages in the issue: 
First, the recognition that there is a fuel problem of 
concern to the automotive industry ; second, the establish- 
ment of an organization for handling this problem under 
a true perception of the peculiar nature of the issue; 
and third, action. The first stage has been passed 
through; the danger now is that stage 2 will be too 
hastily attended to and that either the matter will lag 
for want of a convincing plan, or else lines of action 
will be followed leading off into impractical directions. 
The practical outcome, in fine, depends upon the type of 
motor-fuel research organization shortly to be estab- 
lished. This organization will either be equal to the 
occasion, or not; and if not, the immediate opportunity 
for progress will have been lost. 

Confidence and Backing of the Automotive Industry’ 
Necessary.—It therefore behooves the automotive indus- 
try in its entirety to take the utmost interest and con- 
cern in the plans now under consideration for motor-fuel 
research. Without the financial support, confidence, and 
co-operation of the industry, a motor-fuel research or- 
ganization cannot hope to go far. And conversely, with- 
out the existence of a central organization, built along 
broad lines and adequately equipped as to funds, per- 
sonnel, and a true perception of the issue, the automotive 
industry will remain lacking in means for insuring its 
prosperity in the years immediately ahead. 


“This summary view was supplied the writer by David Beeecraft 


in a letter of May 27. 1919 
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Automotive Export Problems 





During Post-War Period 


The American Manufacturer Must Cultivate the Fields Opened to Him During 
Struggle to Offset Trade Lost by Allied Restriction — Figures of 
1913 and 1918 Tell a Graphic Story 


By Allen Sinsheimer 


MERICAN automotive manufacturers must com- 
A piel readjust the world map of exports. There 

is little prospect of immediate renewal of the pre- 
war trade with the Allies. There is every possibility that 
the Allies will constitute formidable competition fot 
export automotive business. Consequently, American 
manufacturers will find it particularly important to work 
closely those fields they have cultivated since 1914; guard 
against loss of business by meeting competition, and de- 
velop all possible new fields in the Orient and elsewhere 
before England, France, Germany and Italy are able to 






































These conclusions come as a result of a study of the 
automobile exports of the various nations in 1913, and 
the recent disclosures, by Allied officials at the Foreign 
Trade and U. S. Chamber of Commerce conventions. 
Statements by these officials show that the United States 
cannot expect a resumption of pre-war automobile busi- 
ness with the large European nations for several years. 

England, France and Italy, it was asserted, must con- 
trol their imports until they re-establish their exports. 
They find themselves, to-day, after four years of war, 
exporting in April, 1919, $28,423,563 worth of products 
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Chart 1—Showing the pre-war status of automobile shipments to the forty principal countries. France, Germany 
and the United Kingdom were very frequently larger exporters to certain countries than was the United States 
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shipped from this country. This creates an unnatural 
trade balance and an unhealthy financial situation. 
France, it was stated, is in such condition that it 
cannot even intelligently plan its future at present. It 
is short 222,000,000 tons of coal, has 250,000 miles of 
road to be repaired, needs 2500 locomotives and 35,000 
freight cars, has $5,000,000,000 circulating in paper 
money against $772,000,000 gold deposit, will require 
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$23,500,000,000—almost as much as the war cost to the 
United States—merely to rebuild and rehabilitate shops, 
soil and industry. She needs 5,500,000 tons of iron and 
steel for building purposes besides 1,450,000,000 tons for 
all other reconstruction. She will have to be given long 
credits and allowed large loans from the United States if 
American exports are continued. 

Great Britain is in a somewhat similar position, not 
from actual war damage but from the huge war costs. 
Loans to France, Russia and Italy and the present un- 
stability of the pound sterling together with weakened 
export business, make it impossible for Britain to allow 
extensive imports from this country for several years. 

Italy, it was pointed out, is in a like position. Belgium, 
after payment of the indemnities provided for by the 
peace treaty, will again be able to buy from the United 
States. Many Belgian industries, which suffered com- 
plete or partial suspension during the war, it is said, can 
resume when raw materials are available. The Belgian 
coal mines were unharmed and the industrial and social 
conditions are such that it is expected that Belgium 
will be in comparatively good condition to compete for 
export trade before any of the larger allied countries. 

Consequently automotive manufacturers must look to 
other fields than the Allies for automotive business. The 
war completely upset the conditions of 1913. In Chart 
No. 2 it is shown that the export of automobiles by the 
United States increased from $24,275,793 in 1913 to $45,- 
331,360 in 1918. The gain represents chiefly trade with 
countries which could no longer be supplied by Great 
Britain, Italy, France or Germany. As an example, our 
exports to Argentina increased from $1,181,735 in 1913 
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Chart 3—Shipments of automobiles to North American countries were not affected by the war: 


assumed the position in 1918 that had been held by Europe 
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, South America 
in 1918, taking 21 per cent of the total exports, while 


Europe took but 14 per cent 


to $2,666,898 in 1918; to Uruguay from $273,253 to $1,- 
177,463; to Cuba from $242,686 to $3,029,813; to Chile 
from $109,982 to $3,576,511; to China from $90,459 to 
$830,997; to Spain from $127,621 to $1,346,826; to Dutch 
East Indies from $198,378 to $1,302,800, and to Peru 
from $55,646 to $913,669. | 

Prior to the war, as is shown by Chart No. 1, Chile 
purchased its automobiles chiefly from France, which 
shipped $606,926 worth of vehicles there in 1913; sec- 
ondly from Germany, and thirdly from the United States. 
China made its greatest purchases from France; the 
Dutch East Indies from the United Kingdom, France, 
second, Germany third, and the United States fourth. 
Argentina purchased chiefly from France, next from Ger- 


16.7 % 
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$24,275,795 


<aEp HINGDOM 11.5% 
vpit, 001,929 


ITALY $6.15) 966 6.17% 








FRANCE 
$ 4],982.595 


Al.4 7% 


many and thirdly from the United States. The United 
Kingdom obtained its greatest imports from France and 
next from the United States. 

By continents (chart 3) the exports of 1913, compared 
with 1918, show a steady increase of exports from the 
United States to North American countries. Exports to 
South America increased from 13.5 per cent to 21 per 
cent, while the exports to Europe decreased from 21 per 
cent to 14 per cent, indicating that the war had so shifted 
the exports to South America as to recompense American 
manufacturers for their losses in Europe. Africa, al- 
though, increasing its exports, did not maintain a propor- 
tionate growth. Oceania, including Australia, the Phil- 
ippine Islands and New Zealand, increased its purchases 


UNITED 
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$ 45,531,360 
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Chart 4—The positions of the various automobile exporting nations in 1913 are clearly indicated in the above chart, 

which shows that France exported 41 per cent of the total as compared with 24.3 per cent shipped by the 

United States. With the entire world markets open, the United States shipped only $4,000,000 more of automo- 
biles in 1918 than France exported in 1913 
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both in value and percentage, due to its inability to buy 
from Europe. 

The problem consequently for the manufacturer is to 
develop export business among these countries to make 
up for losses caused by restrictions imposed by the Allies. 
Great Britain has temporarity allowed the American 
manufacturers to ship to that country 50 per cent of the 
number of cars sent there during the first seven months 
of 1913. This permission ends Sept. 1. It means that 
comparatively few automobiles will be exported, and those 
most likely will be used aS demonstration and sales cars. 

What will happen after Sept. 1 is problematical. It is 
not yet known whether Great Britain relaxed restrictions 
to meet the demand for passenger cars from this country 
temporarily, until the British manufacturers can get into 
production, or whether the relaxations will continue, but 
the wise manufacturers will base export plans on nations 
other than the United Kingdom. There is no prospect of 
business with France, which is maintaining a strict em- 
bargo, or Italy which cannot afford to buy automobiles 
abroad. 

The most fertile fields appear to lie in South America, 


Value of Germany’s Car and Truck 
— 











| 
Passencer Cars | Trucks 
To —_ - F = 
| 
1908 1913 1908 1913 
Argentina $50 ,456 $1 ,228 ,O80 $20 .701 $55 644 
Australia ; 13 ,566 159 ,460 | P 67 ,144 
Austro-Hungary aia 421 ,022 1 ,720 ,026 53 ,074 281 316 
Belgium. . ; ‘ 35 .700 768 ,978 31,178 2 856 
Brazil. 35 ,224 857 ,038 493 ,850 
British India F - 76 ,398 33 ,082 
British Malacca 7 . 6,188 
British South Africa............ 159 ,460 
Bulgaria... ... | 75 ,446 29 512 
Ceylon. . ‘ : iw | 34,986 
Chile. . 7 ’ , } 152 ,558 19 ,990 19 516 
China ‘ —— 49 504 
Cuba.... ; 138 ,516 | 19 ,040 
Denmark 39 ,270 | 625 ,226 13 094 28 ,084 
Dutch East Africa - 30 ,702 18 ,088 
Dutch East Indies ; 40 ,698 | 218 ,960 ‘ 27 846 
Egypt. , | 11 ,424 
Finland... . See 305 ,830 | 99 ,960 
France ’ 499 ,800 868 ,93 5 12 ,614 5 ,232 
Greece. . me 29 .036 32 368 
Guatemala. . . ; | 12,138 
Italy aan : 48 ,076 655 ,448 | 32 ,368 88 ,964 
Japan. er 42 602 , 
Kamaroon. : | | 13 566 
Kiao-Chau. . ; 17,136 | 
Mexico... 142 ,324 | 33 558 
Morocco —_ /138 ,010 
Netherlands...... 36 ,652 | 723,768 | .... 71 ,368 
New Zealand. , 12 ,852 | J 
Norway 22',134 167.790 | 42 ,364 
Peru : 17 374 ‘ js 
Portugal... 15 .946 215 ,390 a 2 380 
Roumania 78 ,064 214 ,200 231 ,098 
Russia 415 548 | 4 232,116 151 ,130 778 ,736 
Serbia... 24 .276 | | 116,144 
Siam 51 884 | 7 616 
Spain , 43 ,078 | 347 ,430 
Sweden 33 ,558 | 435 540 13 566 | ‘ 
Switzerland 73,780 |  369.614| .. | 37,128 
Turkey... isk 51,408 | ...... | 101,864 
United Kingdom ; ‘ 429,590 | 1,214,752 | 18,564 | 104 ,720 
United States , , 64 ,974 245 ,616 50 456 
Uruguay } 172 ,312 
All other countries 98 ,294 | 58,072 | 43,316 | 71 ,638 
ee 
Ms 9 Wi whine van wseadCanee $2 ,495 430 | — 920 ,134 | $440,300 | $3,316,126 
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Kingdom 
| 
1908 1913 | 
| | 
Seca ee Se ee eee oe 
No Value No. Value No 
| 
Argentina. . . | 304 $622 ,333 1 
Australia........ ore anos | 1055 1 ,693 ,625 30 
Belgium.................-.] 15 i, $30,464 | 154 194,903}. 
Oe err | | 136 ,739 8 
British India. ... . ; | 1223 1 ,845 ,352 124 
Ceylon and dependencies | 178 277 ,887 3 
Straits Settlements. . . Bs 285 423,79) 55 
British Possessions, N. E.S..| 297 | 458 ‘468 381 587 ,464 160 
British South Africa........| . he 934 | 1,399,255) 26 
Canada..... 169 | 445,338 3 
Denmark | eisai caaatiter 27 
France...... 52 | 113,638 | 419 | 426,685] 113 
Germany 7 5 ,052 ere 
ee : | ninakeeanas A cat 
Japan 69 | 128,992 1 
; 77 148 ,574 5 
New Zealand... . | - 829 | 1,192,760 30 
Portugal. . Gare 27 | 56,286] ...... 
Russia... . | 2 4,137} 429 | 558,703, 658 
Siam....... D4 | 42 | 59,942] ...... 
Spain..... .| Be acaiecasien 120 | 164,142) 23 
United States | 23 66 ,871 76 | 290,013 31 
Others...... cote 87,597 | 747 | 1,000,108) 2 260 | 
Total..... ..| 434 | $786,237 | 7595 /$11,651,935| 1588 





the Orient, neutral countries of Europe and in British 
South Africa. The problem rests completely on whether 
or not American manufacturers will be able to hold the 
trade gained during the war. 
American exporter hold the business of Argentina, for- 

merly held by France and Germany; or in Mexico which 

originally divided purchases between the United States, 

France, Germany and Italy; or Spain, which, prior to the 

war, purchased automobiles chiefly from France? 

Spain, Portugal and the Scandinavian countries are 
prosperous and likely fields for American sales. The 
Scandinavian countries favor the United States. 
disliked the strict censorship of Great Britain and. the 
hardships imposed upon them by Germany during the 


war. Spain and Portugal, 


prompt supply facilities. 


British South Africa, which prior to the war pur- 
chased its automobiles chiefly from Great Britain, and 


secondly from the United States, 
worth of cars from this country last year, more automo- 
biles than it purchased in any one year from Great 
Britain. To hold and increase this business will demand 
intensive effort from American manufacturers. 
Britain will make an earnest attempt to recover her ex- 
port trade in British South Africa. It is a 


colony, and has the advantage of cheap parcel-post rates 


from Great Britain. 





For instance, can the 


after four years’ 
with the United States, recognize and appreciate Ameri- 
can merchandise, and the American manufacturer has 
an opening in these fields to-day, with a slight advantage 
over the Allies, who enjoy a better location, we more 


imported $1, 
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5 ,042/ 
337 ,273 
8 ,0r0 
69 592 
150 ,750 
34,250 
5,596 
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187 ,900 





| 58 ,967 
180 ,762 
346 685 | 


| 
|$3 610 ,758 
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They 


dealing 





706,136 


Great 


British 


The Latin-American countries demand special concen- 


tration and attention from Americans. 


It is in this field 


that the losses of exports to Europe can be balanced. 
Argentina, Brazil, Uruguay, Venezuela, Colombia, Chile, . 
Ecuador and Peru are buying all of their automotive ; 


products from the United States. 
ers and Latin-American dealers and consumers have come 9 


American manufactur- 
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France’s Car and Truck Exports 


French automotive exports are recorded in pound weight 
instead of by units or values for individual countries. The 
following table thus permits of comparison by weights only. 
The year’s total value in dollars is also given. 


Trucks (LB) 


' | 
PassenGeR Cars (LB.) 
| 


























| 
a 1908 1913 1915 | 1913 | 1915, 
| 

Algeria. ... 1,191,185 5,484,604 344,799} 155,865] 6,393 
Argentina. .. 956 444) 4,079,171 173,061] 208,776) ...... 
Australia. . SOUROG So co cnieecd! cksanee (aero 
Austria- nue. 74 079) ME. Scatauersh sealacade | eee 
Belgium...... | 9,545, 667} 9,665,407} ......... | 535,056} ...... 
Bragil......... | 471,165] 1,858 ,257 56,438] 410,496] ..... 
British India. . | 221 ,562 250 ,663 weeee| 40,565 
Canada........ coe wee MEST learnt 65 ,697| 24,471 
0, (Eee eRe, GEeNP Ermer 606 ,926 i. | nee B .acetsn 
Colombia........ NE ar ere fame ee ¢ 75 177| eakcases 
Denmark. ‘ 133 ,720 541 ,891 67 681; 254 852| sete 
Dutch East Seties. | a) 576 ,503 Ok | are eee 
ne 208 ,694| 354 ,720 74 075) Ree (ee reete 
Germany...... 2,395,178} 4,685,436] ......... 546.961 eer. 
Greece......... ved Peer 140,213) 59,304) 91,490 
Indo-China... 258 ,855) 297 401 197,973}  30,203| 3,307 
HO senses | 480,667, 1,315,705) 1,132,723) 168754 39 021 
Japan...... } | bdearaes 8 ,598 at ae ee 
Madagascar. . | ie 0 | eer as Sacly aiekeee 
Mexico. .... | 503,014) 489,421) ..........] 77,662) ...... 
Morocco...... R See 677 ,033 162,920, 214,728) 91,050 
Netherlands ....[ 2°8,965, 456 ,132 204,807; ....... F Setucs 
Norway....... Wore ; eet one 46,958} ........ | otis 
Portugal... 87,765, 690,922 207,894) 69,445) ...... 
Russia.......... 733,528; 1,550,275] 4,688,302! 80,688] ...... 
ae 626,699, 1,583,328 874,785. 129,190} 3,086 
Switzerland. .... | 425 439 1,143,967 77 602 | 27 ,337 
eee 326 087 694 ,670| 103,616 71,870] ...... 
ee af ee Napa Mel cence | 41,005 
United Kingdom. . 13,460,441) 13,319,532, 3,179,254 147,488)... 
United States........ | 2,425 ,702 749, 1123} 663,144) 45 - ae 
TOM. occ ceases ae 324 ,738) SieabnGel ceaads 
All other countries. 467,186: 1,207,0 is 204, 366 233,026) 44,974 
WN. seen | 28 064,278, 53,284,300, 13,023,674 3,708 ,578| 457,763 


Value in dollars......... | $24 568 ,654) $41 982,595 $13,111 ,696 $1 914 753 | $353 ,149 


to a closer co-operation and understanding. South Amer- 
ica is now so completely accustomed to American Cars, 
so thoroughly prepared to make and adjust repairs and 
maintain American cars, that this business, which in- 
creased from $3,052,432, in 1913, to $9,914,731 in 1918, 
should be easily maintained and extended. There is little 
likelihood that Argentina, for example, will again turn 
to France or Germany for automobiles in preference to 
the United States product, if American: manufacturers 
will study the habits and customs of the Argentine folk, 
and meet them with honest, fair, and intelligent busi- 
ness. 

It is likely that Australia, which, prior to the war, 
purchased its automobiles in slightly greater quantities 
from the United States than from Great Britain, and 
which increased its purchases from $1,896,990, in 1913, 
to $3,410,557 in 1918, will continue to buy chiefly from 
this country unless the trend of the trade is changed by 
restrictions. 

Similarly with New Zealand, which increased its pur- 
chases from the United States 50 per cent during the 
war. Before the war this was chiefly British trade. It 
is possible for American manufacturers to hold this gain. 

Briefly, therefore, the problem confronting the Ameri- 
can automobile exporter is to develop further those coun- 
tries which turned to the United States during the war, 
to head off European competition, and particularly to 
study each individual market exhaustively, to learn its 
requirements so thoroughly that the foothold that Ameri- 
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PasseENGER CARS Trucks 
To jp 
| 1908 1913 | 1915 1908 | 1913 1915 
| 
| | | 
ee a epee 
| ae iy ee i cece) nth ud cecceadl einen 
Argentina............... $571,087} 725,131 77,779 $30,969} ....... 
Australia... ... peas 105,185] 320,959] 329,787 3,474] $52,110 
Austria-Hungary........: 342 548} 247,600 11 3871 oe ails 386 38 ,600 
Belgium............ | 19788) sora7el injeee) .....7) .<..... 124 ,755 
Brazil.......... | 44,583| 398,510) 28,564 49,360] ........ 
British India............ 1,544 9,650] 146,574] ..... 1,544| 100,360 
British South Africa......|  ....... newer, epee WOME Shswxwans 
Bulgaria........ Pe ictene 27 599 Cie er Saeed, Neate eee 
Central America.. 16 ,019 BONNE) Josictccaael, aascell “obeivete Pim inp 
EE er 5,394, 41,665 15,633] ..... 3,860/ 3,860 
ee | 26,634 17,756} ..... Reles Fite 
re Sv ee eee eee 
Dutch East Indies....... .| 14,475] 86,946) 151,601! 1...) 2.0... | 18,194 
PRON a cmiscasorssire arse tacoma 1,448 Sa GareAt setalsreegdl b> shames aw 
PNA soci .nie sc sedis wos 14,089 2 316 | ne (Arcee ea, | SRE Ss 
MN ica s.sct Cie dicie gccvsion 3 474 | et ane Fe ON eee 
|. a Ee een 598 ,676| 748,454] 1,023,189] $5,465! 14,282] 4,792,865 
French Asiatic Colonies....| ........ RENTER) Goccivaschl acdasdh waesend. Weeecek 
Germany............... | 555,587] 118,058] 199,562 | 1,737] 45,838 
 cnoaadt TTT | 2,316] 15,857] 65,967 42,267; 77,200 
Italian Somaliland | eae 1,930 386) ..... eet 3,474 
PUURN SoS ca sis Se icone, 4,825, 79,806) 19,493) .....| 
aS | 6,755] 2,895]... ee ae 
EIT | er aenere: ow 
Montenegro. ..... 15 ,054 re asp 
Moroce)........ | en 4 ,632 4,632} .....| . 
Netherlands. . . . ..| 66,585] 117,344 38582] .....| 1,158) 
New Zealand... pete? POM ceed skecal | 
Norway........... eee 15,054, 43,040} .....| 
i re lee fee oe ee | eee 
Portugal... ... | 3,800; 79,516) 16 ,453 | 215,967 
Portuguese Africa........) ........ 1 ,075 : ee 
Co | 2 ,895 184 ,508 75, 849; . rer eee 
Russia......... 55,102| 385,923] 822,277) . 216,160) 523,416 
Salvador....... ; Re esccal wean ote ak 
ae 2 , Ress 18 ,528 4 246 ARE es 
ee Ps | We es 1,930 6,948 5 970 3 474 
eee 23,259} 71,796] 89,601! 127 ,578 
Spanish Africa. . . a 13 ,124 SERCO Uh! LGC tose 
Straits Settlements. . BP iare racer 21 ,230 ew ea 
Sweden........... eo 17,352) 12,352) ..... pee eee 
Switzerland.............. | 1,030,458} 219,523] 65,331] 63 304 10 914 16 ,984 
OT | ae |Get 20 ,643 2,895 44,2361 ....... 
a re ee a | 
Turkey in Asia.......... Se sean aa ees 
Turkey in Europe........ 42 508 | ee TESTE cess 
United Kingdom......... 1,296 ,670| 1,396,207] 1,184,909) .....} ....... | 587,492 
United States............ 663 ,534| 182,983] : 44,766] 3,860) ....... Sceptre 
ee 3 ,860 53 ,804 | 2 a Strass 
Pe | 
i . |$5 ,449 ,692/$6 ,151 66 8 310 snajers ,629) $444 ,956 $6 915 ,267 
| i 











Traly’ S Exports A: Are je Claainet « as Follows: 














VALUE 
Weight (Kilograms*) — 2 
| 
1908 1913 | 1915 
| 
Passenger cars: 
Under 500.......... $104 ,317 $10 ,461 $7 ,262 
500-1 ,000 1 ,812 ,193 2 ,282 ,225 1 ,204 ,687 
Over 1,000..... 3 533 ,182 | 3 ,859 ,280 4,105 ,313 
Trucks: 
Under 1,000.. 1,544 28 ,477 334 ,855 
RE oo ic eis wa oie. 44 030 369 ,927 5,765 ,180 
Over 3,000. 26 ,055 46 552 | 815 ,232 





*Kilogram = 2.2406 Ib. 
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can manufacturers have gained 
will be extended. If the Ameri- 
can manufacturers ignore the re- 
quirements of the _ individual 
countries they may take it for 
granted that England, Germany, 
Italy and France will quickly re- 
cover their losses. 

The automobile business for- 
merly held by Europe is not to be 
despised. In 1913 Germany ex- 
ported $16,920,134 worth of auto- 
mobiles and $3,316,126 worth of 
trucks; France, $41,982,595 worth 
of passenger cars and $1,914,753 
worth of trucks; Italy, $6,151,968 
worth of passenger cars and 
$414,956 worth of trucks, and the 
United Kingdom, $11,661,935 
worth of passenger. cars and 
trucks, a total of $82,362,465, as 
compared with $24,275,793 worth 
of passenger cars and $1,737,141 
worth of trucks which were ex- 
ported by the United States. These 
huge exports were made before 
Europe learned the massed pro- 
duction that has come out of the 
war, and it is a certainty that un- 
less the American manufacturer 
employs all his skill, not only in 
production but also in engineer- 
ing and merchandising, he will 
find the export automobile busi- 
ness going back into old channels. 


ITALIAN TRACTOR DEMAND 


WASHINGTON, June 10.—Italian 
demand for tractors will be slight in 
the immediate future, according to a 
report by Commercial Attaché A. P. 
Dennis. The government purchased 
a heavy stock in the country during 
the war and there are now 6000 
American tractors in Italy, while out- 
standing contractors with domestic 
concerns call for 1500 more. The 
sales to individual farmers are negli- 
gible. The government purchases the 
tractors and sends them out in squad- 
rons of ten in charge of a non-com- 
missioned military officer, who plows 
for farmers in the vicinity at so much 
per acre. 

The plowing is quite unlike the cus- 
tomary American methods. The con- 
ventional plow in the plains of Lom- 
bardy is a heavy implement, ordi- 
narily of German manufacture, with a 
moldboard from 18 to 21 in. deep and 
a superimposed jointer for the better 
spreading of the deep upturn of land. 
The combined effort of 8 to 12 oxen 
is required to operate this plow, and 
when a heavy type is used the serv- 
ices of two men are also required. 

The weighty army tractors, which 
have been tried out for this service, 
are not adapted to the work, as two of 
the wheels must run either in the fur- 
row or on the turned earth, whereas 
all the heavy-bearing wheels should 
track on the unturned soil. The rea- 
son for plowing to the depth of 20 in. 
is to conserve moisture. 


_United States Exports of Passenger Cars 














1908 1913 
Europe: 
; 4 134 
Austria-Hungary . $3 218) $91 ,781 
aiefatecnd 16 
Azores & Madeira lIs....} ....... $10 ,549 
14 94 
WD, 650 iiss nce ces $36 ,900 $85 ,679 
ietconea 17 
ER Soo caters ee ee $11 ,457 
10 81 
Denmark. $9 ,045 $77 ,149 
eenean 61 
SRR irs) ie NS $53 ,568 
; 191 818 
France $669 405) $615 ,086 
68 846 
Germany. . $171 ,293 $764 ,389 
noebeed 7 
I nccicsceaaede ees $6 ,576 
aaa 6 
ERE E A? Mele Rie hay $4 ,080 
2 
Iceland and Faroe Is... pucaaiala $1,016 
331 
Italy $243 ,744 $280 ,961 
Maita, ‘Gozo & Cy yprus Seeee “maeseadtes 
Islands. . Serres? ae 
19 111 
Netherlands. . $43 ,699 $94 ,163 
3 78 
Norway..... $5 ,751 $66 ,689 
73 
eee: $1 ,226 $58 ,931 
: 3 38 
PR ccctdncusues $4 ,941 $30 ,337 
82 580 
Russia in Europe. $37 ,243| $484,913 
Serbia, eres Die ane 2 
ee mentee $1 ,160 
5 186 
a $3 ,855| $127,621 
16 256 
ee ; $20 ,409| $235,918 
d 1 22 
Switzerland. . $608 $24 ,965 
1 13 
Turkey in Europe...... $807 $9 814 
7 ) 8,783 
England............. | $2,893 7 
757 
Scotland, .........0.. \}$1 ,621 516 $8, 104 
| 6 
Ireland...............| | $5,538 
North America: 
Bermuda. . $1 ,800 vn a x 
ascoees 1 
British Honduras.......} ....... $1 ,800 
385 6 ,723 
Canada.... $700 ,504| $8 ,229 ,324 


Central American 
States: 


Costa Rica. . 
Guatemala. . 
Honduras. . 
Nicaragaua........ 
Panama...... 
Salvador..... 
Greenland............. 


I Sa dence 

Miquelon, Langley & St. 
Pierre Islands........ 

or ~ anes & Labra- 


Trinidad & Tobago..... 
Other British.......... 
Cuba, eich gated seat 





2 

$1 ,336 
6 

$11 ,550 


7 
$4 ,926 


105 





13 

$14 ,955 
10 

$14 ,892 
5 

$8 ,100 


39 
$43 ,432 


9 
$10 ,353 


7 
$5,793 
62 

$59 ,131 
43 

$39 ,902 
7 

$6,716 
223 

$242 ,686 
4 

$2,131 

7 

$5 ,382 
19 
$14,590 
6 

$3 877 
38 


1918 


8 

$6 ,858 

12 ,985 

$10 ,189 ,865 


27 
$34 ,676 


58 

$33 ,198 

236 

$149 ,673 
161 

$100 ,571 
80 

$50 ,009 
2 846 
$3 ,029 ,813 
152 

$12 313 
248 

$157 a 
$7 435 
248 
$146 ,698 
102 





$24 499 


$54 ,613 



































1908 1913 1918 
South America: 

. 70 1 ,062 8 526 
Argentina............. $72 ,396) $1,181 7" $2 _ 
| SRR Leth) ‘145)9 $105 408 

55 987 1,576 
Mes vot yencuss $97 - $1 ,035 = $1 = O11 
3.399 
NS actrees sown aise $20 045) $109, 080 $3 ,576 ,51 

; 1 110 164 

Colombia... . $500} $113,334 $121 422 
4 74 142 
eee: $2 453 $55 ,372 $130 ,086 
Falkland Is... OEE: ROTHER: eis e: 
a 1 180 
Guiana, British........ $765) $114,313) $100,546 
veneeeeen  eekaeruiad 16 
BN i Sesocwlpiakah cisexcuthk goseselns $17 ,775 
emie wa 8 
I iSeries, $558 $3 ,632 
So ee 13 
Paraguay.... eee $5 ,025 
8 70 784 
ee ee $6 ,790 $55 ,646 sary 668 
209 
Uruguay.... $13 ,142 $273 ,253} $1 im ia 
nate Sa Sys: ce8 104 160 
WIN sede cccuitoae Gaswaree $109 ,499 $97 485 
Asia: 
eeendaee & 
| SER CDE pee We $7, 908 $6 ,879 
7 89 833 
Ms ices 5xo-sisanenk $7 471 $90 459} $818,659 
Peete ween ee 6 
CRN 2 Scie weeacrech ectuieuss $3 = 
China, French......... EOE. Pouektan te s2.017 
Chins, Janine. cc .ccc) scccscocl occccoce, $7 al 
aicocesiets 7 
Chosen (Korea)........] ........ $6 ,095 $1 300 
East Indies, British: 
11 
British India........... $9 ,970 $355 its $53 , us 
16 
Straits Settlements. .... $12 - $319, 2 $202 31 
11 
Other British.......... $1, 375 $31, 245 ay yo 
278 
re $79, 89 $198 378) $1 302 0 
ia ccrnnixcanesdh cecal ee $21, 1%5 
3 
Hongkong............. $2 ,308 $6, ars $9, 122 
7 312 2,149 
0 re $17,230) $364,507) $2,040 897 
Pe re eae eee 4 
Te: MAR Team: $1 ,048 
eas Brakes i 5 
NTO BM... cicicl cecsuss $1 ,160 $8 ,425 
ja 56 65 
eee eeee $2 ,959 $35 ,934 $60 ,220 
eirsiened Oe -watheceries 
GS ee meen a 
Oceania, British: 

: 7 2 ,083 4,807 

Goose cssavion $74 ,175| $1,896 990! $3 ,410 557 

958 1,81 

New Zealand.......... $72 ,647| $990,837) $1,453 311 
3 

Other British.......... $2 ,396 $20 863 

11 12 

PU tintienciccee cans $14 ,005 $7 ,612 

1 12 

MR sicnnscscctaeus $350 - - 

617 

Philippine Islands. ..... $577 040 $1 373 Zot 

British Africa, West... .. $2,688] $115,772 

2 1,279 2,142 

Setnacncccrs te $1,147] $1,157,895) $1,706, ro 
14 

EE ee $12 ,802 $75, mts 
10 

Canary Islands $6 ,426 $5, 378 

16 21 

RS isiicencus sas’ $3 ,500 $10 ,156 $17 ,300 

10 121 

French Africa.......... $7 297 $50 ,550 

German Africa......... $3 ,175 Roos 

Italian Africa.......... pelted pene es 

. . 12 

ST Ee eae $805 $4 ,220 

Madagascar........... Vesa $1 ,659 

iosGawiens 85 

SET Meeeeles, eee nein: $17 ,718 

20 9 

Portuguese Africa...... $16 ,102 $9 ,673 

Wr nintesieecwns 2,477 24,298 52 312 

$4 ,656 ,991|$24 ,275 ,793/ $45 ,331 ,360 








The figures in italics denote the number of passenger cars exported to each country. 
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Main building, Forest Products Laboratory, Madison, Wis. 


Waterproof Plywood for Airplanes 


Decision to Build DH-4 Machine in This Country Created Large Demand for 
Ply wood—Waterproof Glue the Chief Technical Problem 
Involved—Strength Tests Made 


terial for use in aircraft early in 1917, it became 

necessary immediately to insure its production in 
quantity and to improve the quality of the commercial 
product. Before the war plywood was made up with 
vegetable or cheap animal glues, neither of which was 
water resistant. Attempts had been made in a small 
way both in this country and abroad to introduce water- 
proof plywood made with blood albumin glue, but its use 
was not general and the methods of manufacture were 
more or less trade secrets. The first investigations of the 
U. S. Forest Products Laboratory at Madison, Wis., had 
shown that the commercial water resistant glues in this 
country were scarce and unsatisfactory. In fact, only 
four or five of those submitted by various manufacturers 
were even promising. 

Late in 1917 the decision to build the DH-4 model in 
this country created a demand for large quantities of 
waterproof plywood, and it appeared that the supply 
of waterproof glue would be the controlling factor in the 
production of this material. Accordingly at the request 
of the Army and Navy Aircraft bureaus, the Forest 
Products Laboratory attacked the problem from the foi- 
lowing angles: 

(1) Development of water resistant glues and assist- 
ance in securing their manufacture in quantity. 

(2) Development of testing methods for water re- 
sistance and strength of glues and performance of routine 
tests on samples sent in by inspectors and manufacturers. 

(3) Recommendation of glue and plywood specifica- 
tions. 

(4) Study of the properties of plywood as a material. 

Investigation of the quantity production possibilities 
of water resistant glue made it very soon apparent that 


T N HEN plywood was recognized as a structural ma- 


the supply of blood albumin would be inadequate and that 
if blood albumin glue only were used, the cost of the ply- 
wood would be extremely high. Meanwhile, having found 





Gluing an experimental plywood panel with blood 
albumin glue. The press is steam heated and 
hydraulically operated 
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one company which was producing water resistant ply- 
wood with casein glue, the laboratory began work and 
soon demonstrated that a satisfactory plywood could be 
produced with this type of glue. About this time a cen- 
sus of the veneer and plywood industry was completed 
by the laboratory and it was found that if both blood al- 
bumin and casein glues were used, almost unlimited quan- 
tities of plywood could be made. The general situation 
was therefore relieved and the price of plywood steadily 
reduced. 

Aircraft manufacturers at this time showed a decided 
preference for non-waterproof plywood and it was only 
because the Forest Products Laboratory could supply in- 
formation on the possible production of the waterproof 
product, together with data upon its advantages here and 
abroad, that waterproof specifications were adopted. It 
appears probable that the adoption of the non-water- 
proof specifications would have resulted in very few of 
the machines constructed from plywood reaching Europe 
intact. 

By this time the Signal Corps had completed the organ- 
ization of a plywood inspection section, and the labora- 
tory was receiving samples of plywood almost daily from 
new manufacturers who desired their product tested. 

A glue inspection organization had also been started 
and headquarters established at the Forest Products 
Laboratory with a senior inspector from the Signal Corps 
in charge. The glue inspection force worked in close co- 
operation with the laboratory in the matter of glue speci- 
fications and procedure for inspection and certification of 
aircraft glues. 

Work was under way on the development of casein 
glues and contact with casein producing companies and 
glue manufacturing companies had become well estab- 
lished. 

During April, 1918, two commercial water-resistant 
casein glues were tested for shear strength in joint work 


} 
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Strength test of veneer panels 


‘prepared for these and other glue constituents. 





Mixing a full-sized batch of casein waterproof glu« 


and they both developed strength equivalent to that of 
high grade non-waterproof hide glue. Two water-resist- 
ant glue formulas developed by the laboratory had also 
been supplied to certain manufacturers of glue and ply- 
wood and numerous companies were becoming interested 
in waterproof plywood manufacture. 

During the summer of 1918 a method of gluing very 
thin plywood was developed and demonstrated on a com- 
mercial scale at two plants by representatives of the 
laboratory. The process involved the coating of tissue 
paper with blood glue, drying this sheet and using it with 
the veneer instead of a wet glue. This material was not 
found as suitable a substitute for linen as it first gave 
promise of being and but little of it was manufactured. 
A similar process was developed for gluing the linen 
fabric on propellers and satisfactory blood albumin tapes 
were also developed for use in taping plywood. 

While the work which has been described was under 
way at the laboratory, additional activities of a less spec- 
tacular nature were also having their effect upon the im- 
provement of quality and increase in production of water 
resistant plywood. Methods of manufacturing casein 
and blood albumin were investigated and specifications 
Improve- 
ments were also suggested for glue manufacture and use, 
especially along the lines of mixing and applying glues, 
testing samples of plywood for strength and water resist- 
ance when sent in by manufacturers and Bureau of Air- 
craft inspectors, training of these inspectors in glue and 
plywood manufacture and solving specific problems sub- 
mitted by various departments of the army and navy air- 
craft bureaus. 

The wide distribution of the results of this work was 
especially helpful to manufacturers. Experts from the 
laboratory also made trips into the field and on numer- 
ous occasions “trouble men” were sent out to panel fac- 
tories for periods ranging from a few days to one month. 
Their work ranged from correcting the practice of mix- 
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ing a glue or adjusting a press to a 
complete analysis of all factors of 
production to locate some small but 
important.trouble. 

The total result of the work of 
the laboratory on water-resistant 
glues and plywood may be summar- 
ized by saying that it practically 
meant the developing of a new in- 
dustry, the improvement of its 
product to the essential degree and 
the saving of more than $6,000,000 
to the Government by removing 
scarcity of plywood as a controlling 
factor in aircraft production. 

Plans for an extensive series of 
tests to determine the physical and 
mechanical properties of plywood, 
were drawn up in September, 1917, 
and the testing was begun early in 
October of the same year. 

In outlining a series of tests for 
plywood, the attempt was made to 
test for those properties of plywood 
that make it a unique material of 
construction for airplanes. Inas- 
much as the strength of plywood de- 
pends upon the direction in which 
the forces act, tests were made 
to determine the bending and 
tensile strength, parallel and per- 
pendicular to the face of the panel. 
A piece of apparatus was devised 
for determining the relative resist- 
ances to splitting of plywood made 
of various combinations of veneer. 
Tests were also made to determine 
the relative resistances of various 
plywoods with conditions that tend 
to warp the plywood, as, for ex- 
ample, wetting on one face. In a 
series of tests to determine the 
physical and mechanical properties 
of plywood made of various species of veneer panels of 
eight thicknesses were tested, ranging in thickness from 
3/30 of an inch to 3/6 of an inch. Moisture and density 
determinations were made on all test specimens. One se- 
ries consisted of about fifty (50) tests and to date more 
than one hundred (100) series of tests have been made, 
which covered about thirty (30) species. 

In addition to the extensive series of tests on various 
species of plywood, tests were also made on plywood con- 
sisting of combinations of several species of veneer; also 
on plywood consisting of five, seven and nine plies. Re- 
ports were issued from time to time embodying the re- 
sults of the strength tests. On the basis of the tests 
made a specification for plywood was drawn up and sub- 
mitted to the Specification Section of the Bureau of Air- 
craft Production. The list of species recommended in- 
cluded several species that had not previously been used 
and that the tests showed to be satisfactory, and omitted 
other species that were not as satisfactory. 

A classification of species into four (4) groups was 
also drawn up. This classification gives a brief descrip- 
tion of the mechanical properties of the species grouped 
and points out specific uses for airplane parts for which 
particular species would be satisfactory. 

Detailed recommendations were made from time to 
time governing the species to use for particular airplane 
parts made of plywood. A plywood table was drawn up, 
giving the species, thicknesses, position of plies and num- 





Toughness test on thin plywood 


ber of plies to use for each plywood 
panel in the USD-9 airplane. Sim- 
ilar tables were prepared for the 
DeHaviland-4 and the Lepere 
planes. 

The tests initially made to deter- 
mine the relative resistances of ply- 
wood to weathering made of va- 
rious species of veneer proved to be 
unsatisfactory, so another test was 
devised. In the latter test the pan- 
els were subjected to high humidi- 
ties to change their moisture con- 
tent and subsequently they were ex- 
posed to brilliant sunshine to lower 
their moisture content. Warping 
measurements were made at va- 
rious stages. These tests showed 
that as a rule the species of low 
density were inclined to warp less 
than the species of high density. 
The tests also showed that a high 
ratio of core to total plywood thick- 
ness is also favorable to a reduction 
of warping. Panels in which the 
center ply is of low density veneer 
also warp less than panels in which 
the center ply is of high density 
veneer of the same weight. 

A series of tests to determine the 
relative strength of screw and nail 
fastenings of plywood was inau- 
gurated. The tests completed to 
date show that screw fastenings 
were generally superior to nail 
fastenings even when the nail used 
is twice as long as the screw. The 
tests also show that the strength of 
fastenings increase with the den- 
sity of the plywood. 

A series of tests to determine the 
shear strength of plywood was 
started. Tests have been completed 
on plywood in which the distance between the shear 
forces and width of the member was varied. The 
shear strength of plywood parallel to the grain of face, 
while not very much higher than the shear strength 
of the wood parallel to the grain, is nevertheless su- 
perior to the latter, inasmuch as sudden failure does 
not occur. A lower factor of safety may conse- 
quently be used when designing plywood parts that 
are subject to shear. Shearing strength of ply- 
wood when the force is exerted at 45 deg. to the direc- 
tion of grain of face is stronger than wood parallel to 
grain of face and advantage has been taken of this fact 
in designing plywood members. Tests are still in prog- 
ress to determine the shear strength of plywood made of 
various species of veneer and to determine the relative 
shear strength of plywood made of various numbers of 
plies. An extensive series of tests to determine the bear- 
ing strength of plywood made of various species of 
veneer and various numhers of plies is now in progress. 

The effect of varying the sizes of the bolt, the thick- 
ness of the plywood and the direction in which the force 
is applied are being investigated. 

A series of tests to determine the effect of the method 
of cutting veneer on the strength of plywood was com- 
pleted. These tests were made on five species in which 
veneer was cut from the same log by each of three 
processes. They show that in general the method of cut- 

(Continued on page 1359) 
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The Influence of Hitches and Drawbar 
Location on Tractor Design 


A Method of Calculating the Weight Required on the Front Wheels to Prevent 
Rearing of the Tractor Under Full Load, on the Level 
and on Steep Grades, Respectively 


By A. W. Scarratt* 


EVERAL articles have appeared in the automotive 
A conganioes in the past few months which show the 

importance of proper drawbar implement hitches 
and how to make them, but nothing has appeared, to the 
writer’s knowledge, which explains clearly the influence 
of hitches and drawbar location as related to tractor 
design. The purpose of this article is to cover this sub- 
ject, as related to the four-wheel-type of tractor or mod- 
ern design, in simple language and figures. 

Let us consider first the case of a tractor doing plow- 
ing on tough, level land, equipped with an engine capable 
of delivering 30 hp. maximum at thé flywheel, and weigh- 
ing, completely equipped, 4500 lb., or 150 lb. per brake 
horsepower. 

In order to determine the required weight distribu- 
tion, we must first endeavor to compute the probable 
maximum drawbar pull and to establish its point of 
application. Two factors enter here, namely, speed or 
rate of travel, and efficiency. Two hundred feet per min- 
ute or 2.27 miles per hour is a good lively plowing speed 
for heavy work, and the efficiency or drawbar power 
consists of what is left after we deduct the rolling re- 
sistance of the tractor, the transmission losses, and the 
slippage at the drive wheels. 

These three items can be approximated as follows: 

1. Rolling resistance about 15 per cent of engine power. 

2. Transmission losses—about 12 per cent of engine 
power. 

3. Slippage—about 8 per cent of engine power. 

Slippage is one thing often lost sight of and it is easy 
to lose sight of 8 per cent. That is just a nominal slip- 
page. You can hardly notice it. 

Adding up these three losses, we find that 35 per cent 
of the engine power has disappeared and that we have 
65 per cent left to work with, which if converted into 
drawbar pull means 3200 lb. at a speed of 200 ft. per 
minute. This, therefore, is a three- to four-plow tractor, 
depending on the ground conditions, and being of com- 
pact, enclosed, modern design it will operate with the 
right-hand drive wheel in the furrow. 

On a tractor designed to operate as stated, the drawbar 
should be located at least 14 in. above the bottom of the 
drive wheels—for two reasons: 

First, to attach to the plow at a proper height. 

Second, to have a reasonable ground clearance beneath 
the drawbar. 

We now have the information necessary to proceed 
with the design of the tractor, namely, the weight of the 
tractor, the drawbar pull, the height of the drawbar, and 
the speed. 





*EpiTor’s Notre.—A. W. Scarratt is tractor engineer for the 
Minneapolis Steel & Machinery Co., and as such has given spe- 
cial attention to the subject of tractor hitches. 


By referring to Fig. 1 we find that there are a number 
of forces both active and reactive to be considered, and 
our object is to determine the magnitude and position of 
these forces in order that the system will balance, for in 
order to obtain equilibrium the moments of the active 
and reactive forces must be equal. 

The one active force with which we are concerned is 
the tangential load applied at the rim of the main drive 
gear which tends to raise the front end of the tractor; 
this is indicated by F,. In order to overcome the oppos- 
ing loads the moment of this force must be greater than 
the moments of the forces acting against it. 

We have assumed that the transmission loss is 12 per 
cent., or 4 per cent for each of three gear reductions. 
Then the power delivered at the rim of the main gear 
would bé 92 per cent of the engine power, or 27.6 hp. 
As we are considering a slippage of 8 per cent, the speed 
of 200 ft. per minute is only 92 per cent of the rim 
speed of the drive wheels, which we will assume to be of 
26 in. radius. In other words, the actual rim speed is 
217 ft. per minute. Since in this case the radius of the 
main gear is 13 in., or one-half of the wheel radius, the 
pitch line velocity of the gear is 108.5 ft. per minute. 

Therefore the force at the pitch line of the main drive 
gear— 

F 


1 


Hp. constant 27.6 « 33,000 
—_ r= 

This force naturally tends to lift the front end of the 
tractor and is only prevented from doing so by two re- 
active forces, namely, the drawbar pull W, and the front 
end weight W.,. 

We know the position, direction and magnitude of 
W,, and we also know the position and direction of W,. 
What we want to know is the required magnitude of W.,. 

It will be well to notice here that these forces all 
center about the rear axle, that all tendency to rotate is 
about the rear axle, and not the point of contact between 
the drive wheels and the earth. Therefore all moments 
must be computed, using the rear axle as the fulcrum 
point. 

Then since the active and reactive forces are equal and 
opposite, 

F, x 13 = (W, X 12) + (W, X 84) 

or 8400 * 13 = (3200 « 12) + (W, x 84) 

or 109,200 = 38,400 + (W, « 84) 

or 70,800 = (W, * 84) 

from which W, 850 approximately. 
That is, W, must be 850 lb. in order to keep the tractor 
from overturning on level ground. This, however, pro- 
vides no necessary weight for steering the tractor, and 
makes no allowance for the increased weight which is* 
necessary when operating on heavy grades. 
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In a three-plow tractor there should be a surplus of 
about 400 lb. weight at the front end to permit of proper 
guidance at all times and also as an extra safeguard 
against overturning. 

It may be well to mention here the fact that when the 
load is picked up very suddenly by engaging the clutch 
too rapidly, the power transmitted momentarily is far 
in excess of the maximum engine power. It is equal to 
maximum engine power plus the power derived from the 
stored-up energy in the flywheel. This condition, due to 
careless operation, has tipped many tractors over which 
would be safe if properly handled. But careless opera- 
tion will be encountered and tractors must be made fool- 
proof as far as possible. 

From the foregoing it will be seen that the location 
and intensity of the drawbar pull have a very definite 
influence on tractor design. 

But the example just covered is not the one which 
governs, so let us consider the operation of the tractor 
on a heavy grade of say 30 per cent, as other conditions 
are met with here. 

Now, maybe you think 30 per cent is not a heavy grade. 
Well, the next time you are out plowing up and down a 
hill that you guess is about 50 per cent, just get a long 
timber and a spirit level and find out what it is; chances 
are that it will be about 25 or 30 per cent. 

To start with, the efficiency of the tractor will not be 
as high; that is, you will not have 65 per cent of the 
engine power available at the implement, for the follow- 
ing reasons: More power will be required to roll the 
tractor up hill against the force of gravity, the footing 
will most likely not be as good, causing increased slip- 
page, and the heavy implement itself must be dragged 
up hill against the force of gravity, thereby absorbing 
a great portion of the power which was available at the 
drawbar on the level. 

We assumed previously that the rolling resistance of 
the tractor itself would be 750 Ib. on level ground. The 
rolling resistance on a 30 per cent grade will be just 1350 
lb. more, making the total draft 2100 lb. for this 4500 lb. 
tractor, provided the ground surface is just as good. 
With an increase in wheel slippage to 12 per cent we find 
that the drawbar pull has dropped to 34 per cent of the 
engine power, or 1700 lb., the losses being as follows: 
= 42 per cent 
12 per cent 
12 per cent 

Total 66 per cent 
By referring to Fig. 2 vou will note that we still have 


Rolling resistance 
Transmission losses 
Slippage — 


tf =§400* 


















Fig. 1—Diagram of forces on tractor when operated: on 
level ground 


force F, = 8400 lb., and we also have force W,, but it is 
now only 1700 lb., hence we are going to need more front 
end weight. 

We must now endeavor to determine this weight, but 
we shall have to first assume what we think would have 
been a correct front end weight in Fig. 1. Let us take 
this to be 1700 Ib. Then the center of gravity (fore 
and aft) would be 32 in. ahead of the rear axle. How- 
ever, when standing on a 30 per cent grade this dimen- 
sion is reduced to 27.8 in. 

Now we will assume that W, acts downward 27.8 in. 
ahead of the rear axle. 


Then F, & 13 = (W, X 12) + (W, X 27.8) 
or 8400 «K 13 = (1700 & 12) + (W, 27.8) 
or 109,200 = 20,400 + (W, x 27.8) 

or 88,800 = (W, X 27.8) 


From which W, = 3200 lb., or the weight required to pre- 
vent the tractor from overturning on a 30 per cent grade. 
Since the center of gravity is 32 in. ahead of the rear 
axle when the tractor is on a horizontal plane, the re- 
sulting weight at the front wheels would be 1220 lb., 
which leaves a balance of 480 lb. overweight for steering 
when we have a total of 1700 lb. at the front end. 

It is, therefore, very clear that the later case governs 
the design, and it should also be clear that to arrive at 
a correct tractor design the drawbar and its location 
must be carefully and primarily considered. 

Incidentally, this also shows clearly the marked advan- 
tage which a light-weight, powerful tractor has when 
operating in hilly country, as compared to the average 
tractor which weighs about 300 lb. per brake horsepower 
of the engine. If the tractor considered in this article 
weighed 300 lb. per brake horsepower, or 9000 Ib., it 
could barely propel itself up the grade considered. 

As plowing is the heaviest work which a tractor is 
called upon to perform, the drawbar location for this 
class of work should be most favorable. A vertical ad- 
justment at the tractor will hardly be required, but a 
sideways adjustment should be provided by all means in 
order that the plow may be hitched to the best advan- 
tage regardless of the number of bottoms, and right 
here it will be well to remember that what may be a 
four-plow tractor in some places is a two-plow tractor 
in others. 

For discing, harrowing and seeding it would probably 
be advantageous to be able to hitch at a higher level 
than for plowing. There are many implements of this 
type in use intended to be horse-drawn which could easily 

(Continued on page 1359) 
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Humanity Becomes Important Factor 
in British Labor Settlements 


Review of Developments of Conferences Representative of Workers, Capital and 
Government in Post-War Period Indicates a Political 
Growth Not Yet Achieved in This Country 


By Harry Tipper 


HE developments in Great Britain between the sign- 
T ing of the armistice and the present time have 
emphasized the predominance of the economic prob- 
lem and particularly the industrial problem in the politi- 
cal life of the country. They have indicated the develop- 
ment of additional strength in the labor power and at 
the same time an increasing division between the radical 
element in the labor organization and the more ex- 
perienced conservative majority. 
The most important points to be considered in connec- 
tion with the development are: 


1. The demands of the manufacturer in respect of 
labor. 

2. Findings of appointed commissions represent- 
ing government, labor and capital. 

3. The growth in power of the shop stewards. 

4. The organization of the radical division of labor 

in favor of industrial unions instead of occupa- 

tional unions. 

The promotion of the Whitley plan by the Gov- 

ernment. 

. The definite tendency to shorter hours. 

. Lack of any considerable wage reductions. 

. Continuance of a large proportion of unem- 

ployed. 

9. Difficulty in industrial readjustment and the 
consequent partial activity in industry. 

10. Large developments in housing 

11. Strong definition and consolidation of labor 
aims. 


The labor organizations in Great Britain have been 
sufficiently devzloped industrially and were sufficiently 
powerful politically to necessitate the careful considera- 
tion of their position during the war in order to provide 
the necessary unity for industrial war activity. The 
occupational unions, in the most important industries, 
have been recognized as the necessary machinery for 
effective bargaining, for a great many years, and they 
represented a sufficient majority of the workers in many 
of the industrial lines, particularly in the skilled trades 
required for war work, so that the Government was 
obliged to call them in in order to secure the orderly 
progress and production to the point necessary for war 
development. 

As a consequence of this, the older organizations were 
directly concerned in the methods and operation of labor 
dilution by the introduction of women employees, in the 
release of essential workers, in the elimination of the 
usual labor privileges accorded by shop practice in Eng- 
land, and it became necessary in the Government con- 
trolled industries to appoint committees of labor and 
capital to go over the war operations of these industries. 


ur 
. 
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In return for this co-operation, the labor organizations 
demanded from the Government an agreement that all 
trade union privileges would be restored upon the termi- 
nation of the war and that no attempt would be made 
to hold the workers to the concessions which had been 
secured from them for war necessities. In the agree- 
ments these privileges were specifically mentioned and 
the Government was committed to the practical enforce- 
ment of the return of these privileges at the termination 
of the war. 


Combined Committees of Labor and Capital 


In addition to these specific agreements, the Govern- 
ment had been obliged to develop combined committees 
of labor and capital in the controlled industries and had 
been obliged to concede additional power to the labor 
organizations in several ways. It had further promised, 
more or less vaguely, to consider the living conditions, 
the housing necessities and other matters in which labor 
organizations were interested, when the termination of 
the war would permit these developments. Part of the 
present confusion in Great Britain is due to the difficulty 
which the Government is having in redeeming its pledges 
to the labor party and the labor organizations. 

In the endeavor to fulfill some of its promises and to 
bring about an orderly adjustment to peace conditions 
the Government appointed, after the armistice, the com- 
mission to investigate the coal miners’ demands and the 
national council, as recommended in the Whitley plan, to 
consider the whole industrial question. These two com- 
missions are the first examples of triangular conferences 
of labor, capital and Government which have had. their 
beginning in the political demands and practical necessi- 
ties of the worker, and which have recommended definite, 
and in some cases drastic, changes, carrying the recom- 
mendations of the commissions much further than settle- 
ment of the immediate question. 

The action of the Sankey commission was the direct 
result of the coal strike which started in the Welsh coal 
field and extended to various other coal fields in Great 
Britain, involving nearly 140,000 miners. The strike did 
not involve the Scottish miners, this union standing at 
one side to await the result of the negotiations of the 
English and Welsh unions with the Governmert. 


Coal Miners’ Demands 


The coal miners’ strike involved more important de- 
mands than had been placed before the British public 
heretofore. These demands were for a 6-hour workday, 
nationalization of the coal mines, increase of wages, 
partnership of the employees in the management of the 
mines, and improvement of housing and living conditions. 
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The employing coal operators refused all these demands 
absolutely, stating that any increase in the cost of pro- 
duction would so increase the price of coal as to make it 
impossible for the English industry to meet foreign 
competition. The threat and the coal shortage resulting 
from the strike were of such a serious character as to 
bring the Premier himself back home from the Paris 
Peace Conference in an effort to settle the matter. 


First Miners’ Movement 


The first movement of the miners commenced as far 
back as Jan. 1, when the Miners’ Federation of Great 
Britain adopted their new program, which included de- 
mands for a state grant equal to full trade union wages 
to be paid unemployed miners until work was found for 
them; the administration of mining conditions by joint 
district committees of mine owners and workers, and 
also for the 6-hour day and the nationalization of the 
mines. On Jan. 7 the Miners’ Federation demanded a 
30 per cent advance in wages. As there are a million 
men employed in the coal mines, the acceptance of these 
demands would have meant an increase of wages amount- 
ing to $1,000,000 per day. 

On Feb. 13 the Government submitted to the miners its 
plan for settlement of the strike, formulated by the Pre- 
mier. This offer included a shilling per day wage ad- 
vance and a proposal that all the questions should be sub- 
mitted to a general conference in which the employees 
should have equal representation with the employers. 

The miners absolutely refused this Government offer, 
but, despite their refusal, the Prime Minister went ahead 
with his plan and a commission was appointed to make 
a full inquiry into conditions in the coal industry. Both 
the investigations of this commission and the strike con- 
tinued until March 17, when the miners agreed to with- 
hold their strike for a short period, pending a preliminary 
report of the commission. This preliminary report, when 
returned, practically conceded all the miners’ demands. 

The recommendations of the report were agreed to by 
the Government, and although the investigations of the 
commission still continue, the entire trend of the investi- 
gation is favorable to the miners and it is practically 
settled that the following conditions will be put in force: 


1. A 7-hour work day (with a 6-hour day after 
July, 1921). 

2. Two shillings per day wage increase. 

3. Voice of the employees in the direction of the 
mines. 

4, Either nationalization of the coal mines or uni- 
fication of same under some joint control of pri- 
vate ownership. 


While the testimony of the employing coal operators 
and of many manufacturers before the commission was 
to the effect that, conceding that the miners’ demands 
would so increase the cost of coal as to offer a serious 
handicap to British industry, particularly in competition 
with America, nevertheless the condition of the miners 
was so bad that on humanitarian grounds alone their de- 
mands should be in the main conceded. 

While. in a way, the result is a victory for labor, yet 
it is more than that a victory for humanitarian progress 
and an acknowledgment as to the right of the worker te 
a higher standard of living. The great coal mine strike 
was not the result of any new conditions or evidence 
of any new phase of social unrest. The condition of the 
coal miners has long been a subject of public sympathy 
in Great Britain and public opinion had much to do with 
the final granting of the miners’ demand. 

One outcome of the investigation was to show that the 
profits of the mine owners ran from 1 to 2 shillings per 


ton prior to the war and as high as 4 and 5 shillings dur- 
ing the war. 

The action of the Government in relation to the coal 
strike was based upon three reports submitted by the 
Coal Industry Commission. One of these, made by the 
more radical members, recommended allowing of the full 
claims of the miners. Another of the interim reports 
dwelt more on the actual statistics of coal mining opera- 
tions, and the third interim report, called the Sankey. 
report, offered a definite recommendation which the gov- 
ernment finally decided to adopt. This report states that 
the increased wages proposed will mean the distribution 
of an additional sum of $150,000,000 per annum in wages 
among the colliery workers. 

The interesting part of this report and its adoption by 
the Government lies in the fact that the commission in- 
cluded eminent men of various shades of opinion, with 
representatives of the miners and the manufacturers and 
also public men of a legal and general training. The 
report is generally referred to as the Sankey report be- 
cause of the fact that Judge Sankey was the chairman of 
the commission. The condemnation of the present con- 
ditions of the workers in the coal mines is very definite 
and inclusive in this report. 


The Whitley Plan 


The national council, which was authorized by the Gov- 
ernment to consider the whole question of industrial de- 
velopment, labor conditions and the things which should 
be done to produce industrial peace, was called in connec- 
tion with the Government’s promotion of the Whitley 
plan. The Whitley plan has been mentioned a number of 
times in this country and the general purpose of the plan 
and its acceptance indicate the recognition by govern- 
ment and by general public opinion in Great Britain of 
the necessity for equal representation of the workers in 
control and management of industry, in so far as that 
control and management concerns matters directly relat- 
ing to the workers. 

This recognition of rights is acknowledged in the ac- 
ceptance of the Government of the so-called Whitley 
scheme. The adoption of this plan is the direct result 
of the unusual conditions existing during the war which 
compelled the government to require full co-operation 
between employers and employees, with state authorities, 
in the control and conduct of industry to permit the secur- 
ing of the greatest possible plant efficiency and the 
largest possible production of materials. 


National Council of 400 Recommended 


The recommendations of the Whitley report submitted 
to the Government during the war as a plan for future 
labor policy were put into partial effect, or at least the 
first step taken, in March of this year, when a National 
Conference was held, being, in fact, a joint committee 
meeting of employees and employers similar to that 
recommended in the Whitley plan. At this conference it 
was proposed that a National Council of 400 should be 
formed to be composed of half capital and half labor. It 
is intended to use this national body as a consultative 
authority of the government on all industrial matters. 
Its members are to be elected by the trade unions and by 
the associations of employers. It is not clear, however, 
as to whether this proposed National Council is to be 
joined up with the Works and Districts Committees 
called for by the Whitley plan. 

There appears to be little open opposition to the Whit- 
ley plan, as set forth in the report to the Minister of 
Labor, which he, representing the government, has for- 
mally announced will be put into effect. In a way, the 
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plan is based on participation of employees in the man- 
agement of each separate industry in a manner similar 
te the “employees’ representation plan” adopted by many 
industrial concerns in the United States. The plan dif- 
fers essentially in providing joint district organizations 
and a joint national council. This plan briefly calls for 
the following organization: 


1. The establishment for each industry of an or- 
ganized body, representative of both employers 
and work people, to be called the Works Com- 
mittee, to consider and act upon all matters 
relating to local labor and industrial conditions. 

2. The formation of District Councils representa- 
tive of the trade unions and of the employers’ 
association in each industry. 

3. The formation of Joint Standing Industrial 
Councils to be equally representative of the 
employers and of such industries as are not 
already represented by trade union organiza- 
tions, the purpose of this being to secure a 
representation for the masses of unskilled labor 
not included in the regular union organizations. 


It is the purpose of the plan to have the Works Com- 
mittee and District Councils act upon matters of a local 
nature which can be decided by them, including the con- 
ditions of employment, the methods of fixing, paying 
and adjustment of wages, and the establishment of regu- 
lar methods of negotiations for differences arising be- 
tween employers and work people and means for pre- 
venting unemployment. 

It is intended that the National Council should only 
take up matters of general or national importance, such 
as legislation, state control, etc. 

The difficulty of succeeding with a general employer- 
employee co-operative plan with the unskilled workers, 
not included in the regularly organized trade unions, is 
fully recognized by labor leaders and industrial econo- 
mists and the subject is quite fully covered in a recent 
“second” report of the Committee on Industrial Rela- 
tions of Great Britain which originally outlined the so- 
called Whitley plan. 


Report Does Not Favor Compulsory Arbitration 


This committee recommends that the existing Trade 
Boards Act, enacted because of the needs of the war, 
shall be continued. The original purpose of this act was 
to provide means for establishing a minimum standard 
of wages, but in addition to such purpose, it is now 
proposed to use this medium for the organization of 
“Industrial Councils” for unorganized industries. 

It is noteworthy that this second report of the Indus- 
trial Relations Committee does not favor compulsory 
arbitration, stating that both employers and employees 
are opposed and that imposition of forced arbitration 
would lead to further unrest. Neither does this commit- 
tee favor compulsory methods to prevent strikes, pending 
negotiations. 

In promoting the Whitley scheme, the government 
does not intend to abandon for the present the other ex- 
isting government agencies provided for industrial re- 
construction and for promoting better industrial rela- 
tions. One idea is to link up the National Industrial 
Council, to be organized under the Whitley plan, with the 
work of the present Trade Boards and other joint repre- 
sentative industrial organizations organized during the 
war. The government is also maintaining trade union ad- 
visory committees at the headquarters of the govern- 
ment departments, as well as local labor advisory com- 
mittees in various localities. 

It is noteworthy that the Department of Labor con- 
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tinues to use its Trade Board organization for the ad- 
justment of conditions relating to the employment of 
unskilled labor not organized by any of the established 
unions. Only as recently as February, the government 
took action regarding wages in the trades devoted to 
the manufacture of garments, knitted articles, embroi- 
dery and various needle trades, which have no represen- 
tative unions. 

While the Whitley plan was worked out by a commit- 
tee representative of both employer and employee inter- 
ests, and while there is no open opposition to the plan ex- 
pressed by the union workers, yet there has been some 
evidence of suspicion on the part of union labor inter- 
ests against the idea of works committees. Doubtless 
this position is based on ideas which prevailed to some 
extent in the United States, that by the building up of 
works committee or employees’ representatives, to deal 
with the employers in conference, the result will be to 
weaken the strength and importance of the local trade 
unions. 


“Triple Alliance” Stands Aloof 


Although the National Industrial Conference continues 
to function and at its meetings subjects of the greatest 
importance to labor are considered, even such questions 
as giving to workers a direct share in the control of in- 
dustry, yet it is notable that the “Triple Alliance,” the 
most powerful of all trade union combinations, stands 
aloof from this government effort to solve the indus- 
trial problem by co-operation and conferences. No dele- 
gates or representatives of this union organization of- 
ficially took part in the proceedings of the recent Na- 
tional Industrial Conference. 

Leaders of this union organization do net admit that 
they are opposed to the National Conference or the Whit- 
ley plan or that they will refuse to enter into them, ex- 
cusing themselves on the ground that other important 
affairs have prevented them from participating. It is 
not certain that this large trade union element will 
eventually co-operate in the National Conference or the 
Whitley plan. The Whitley plan is supported strongly by 
the National Labor Party leaders and is part of the 
policy of the present government administration headed 
by Lloyd George. 


Great Britain’s Relation to Labor 


The important position which the government of 
Great Britain holds in relation to all labor and industrial 
questions is shown by the history of recent events. The 
great coal strike would have resulted in serious disaster 
to British industry if Premier Lloyd George had failed 
to secure a compromise agreement. 

The government is working hand in hand with 
the organized trade unions, and that it recognizes 
the trade union power fully is evidenced by the 
refusal of the government to intervene in any way 
in the recent strikes on the Clyde and elsewhere, 
basing its opposition on the wishes of the trade 
union executives. In the case of Glasgow, although 
the Lord Provost asked for intervention by the gov- 
ernment, the administration officials refused, 
stating that such action would undermine the 
authority of the national trade union representa- 
tives. 


Although the Whitley plan of the government is not 
yet fully in operation it has been applied in several of 
the separate industries, notably in the manufacture of 
pottery, rubber and watches. These have a full system 
of shop committees, district councils and national coun- 
cils organized and operating. 
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These developments indicate the extent to which the 
labor situation in Great Britain has become a political 
matter and the extent to which the labor organizations 
can enforce the political consideration of their demands. 
They illustrate the extent to which the Government has 
recognized the necessity for change in the general or- 
ganization of industry in order to preserve harmony and 
to insure a reasonable, peaceful development. 

It is not possible, as yet, to determine the ultimate 
success of the Whitley plan, or the other methods of 
governmental consideration of the labor situation, be- 
cause labor opinion itself is divided as to the improve- 
ments to be secured and the methods to be adopted in 
securing those improvements. Probably 65 per cent or 
70 per cent of the workers would be very glad to return 
to pre-war conditions if pre-war prices could be returned. 


Leaders Recognize Value of Slow Development 


The older and more experienced leaders in the labor 
ranks see the necessity for slow and careful methods 
of development, and even the aims of the labor political 
party itself, as shown by their reconstruction platform 
and the statements of the party leaders, specifically indi- 
cate that there is no expectation of accomplishing these 
taings in any short time; and that the main object 
before the party is to see that each development builds 
toward the final platform which they propose to support. 
‘The great danger in the situation arises from the division 
of opinion within the ranks of the labor organizations as 
such, both as to the aims which can be immediately 
fought for and the methods which can be used in endeav- 
ering to secure them. 

The growth of the shop steward system in Great 
Britain has had a very distinct tendency to remove the 
power from the leaders of the national unions, or at 
least to take away a sufficient amount of that power 
to make it difficult for such leaders to control the whole 
body of workers under any agreement. This is evidenced 
by the histery of the strikes which occurred between 
the signing of the armistice and the present time. 


‘Strikes Reaction from Wartime Production 


Unquestionably, a number of these strikes were made 
‘possible because of the general reaction from the war 
‘production necessities, the restrictions imposed during 
the war, and the strain which the country suffered 
for several years during that period. These strikes 
were called for demands which varied considerably. They 
were sufficiently widespread to indicate a spirit of gen- 
eral unrest, but more particularly they were based upon 
the local demands of the workers in some part of the 
country led by the District Allied Trades Council, which 
is the shop stewards body. They were frequently called 
in direct opposition to the national organization, of 
-which the strikers were members and conducted with- 
.out the approval of such organization. 

In a number of cases the union leaders made common 
.cause with the Government, and it is interesting to note 
that the strength of the labor organizations, in their 
power over their own ranks, was still sufficient to en- 
able the employers to refuse any dealings with their 
-own employees except through the recognized union lead- 
ers. The shipbuilding strikes, which were particularly 
bad in Belfast, where they developed almost along the 
‘lines of a completely socialistic government, were broken 
because of the division in the labor ranks and the regular 
union organizations were greatly strengthened by the 
.defeat of this movement. 

The great strike of the Triple Alliance, which is a co- 
operative organization of the three great industrial 
-unions, railway workers, miners, and the transport work- 


ers, was one of the most difficult to settle, and it is not 
certain even now that this matter has been sufficiently 
settled to eliminate the possibility of further strikes in 
the near future. 

Strikes have crept into the cotton district in Lancas- 
ter, in the engineering and shipbuilding trades, in the 
electrical trades, all of which strikes finally collapsed with- 
out any material change in the situation except agree- 
ment to reduce the hours to 47. Almost all the strikes 
were unofficial strikes. They were conducted by the 
local shop stewards, and were not recognized by the 
older leaders. Their breaking down is evidence that the 
radical element, which favors the direct action through 
the shop-steward system, is not yet sufficiently strong to 
endanger the recognized union organizations, although 
the number of men who became involved in the strikes 
indicates that there is a very large movement among the 
labor bodies to demand clearer and more direct action in 
connection with their local disputes than is provided 
through the regular organization. 

This is partly due, of course, to the reaction from the 


war and partly due to the growth of radical opinion in 


the ranks of labor, which threatens to disrupt the labor 
organizations themselves. 


Industrial Unions 


A feature of this radical development, which has grown 
out of the formation of the shop-steward movement 
within the Allied Districts Trades Council, has been the 
movement in favor of industrial unions instead of occu- 
pational unions which form the machinery of the recog- 
nized labor organizations. This development arises more 
out of the political labor party and its growth than it 
does out of the actual union organization; but the ability 
of the Allied District Trades Council to enforce its de- 
mands, where the old craft unions have been unable to 
enforce them, has developed a strong opinion in the labor 
ranks in some cities in favor of industrial unions all 
through. 

This has attracted to its side a number of social reform- 
ers and a considerable body of opinion which lies outside 
the labor ranks, but which is affiliated with the labor 
party as a political organization. So far, the tendency 
toward industrial unionism is not of importance in Great 
Britain, and it is not likely to become so if the tendency 
of the present developments continues. It ‘is probable 
that further economic troubles of a more or less serious 
character will occur in Great Britain, due to the conflict 
between the industrial unionism as represented by the 
shop-steward system and the craft unionism as repre- 
sented by the older organizations, and that the radical 
element will find sufficient following to induce them to 
make excessive demands and attempt to enforce these. 

There is no indication, however, that these movements 
will assume sufficient importance to materially affect the 
developments which are taking place or to interfere with 
the orderly progress which is being made in the settle- 
ment of these important questions. 


In all the actions which have occurred in meet- 
ing the strikes in Great Britain since the armistice, 
in all discussions of the labor questions in the 
triangular conference between government, capital 
and labor, there has been a distinct and definite 
tendency toward shorter hours and work. In con- 
nection with this matter, of course, it must be 
remembered that in Great Britain the hours of 
work have been longer in the past than those 
usually obtaining in this country, and the histori- 
cal background suggests an importance in con- 
nection with this demand which it does not possess 
in the United States. 
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The 48-hour week is practically admitted in all types 
of industry to-day in Great Britain. In the case of the 
shipbuilding trades strikes, engineering trades strikes 
in Belfast, Glasgow, and other points in the British 
Isles, the demands for working hours range all the way 
from a 47-hour week to a 30-hour week. The decisions 
were made upon a 47-hour week in London. While the 
same organization in Belfast was demanding 44 hours 
there was a strike in Glasgow for a 40-hour week. Most 
of these strikes were unofficial, and the engineers’ and 
shipbuilders’ strikes were first broken by the decision of 
the Liverpool Federation to continue work. 

The Liverpool Federation stood 10,000 in favor of 44 
hours and 8000 in favor of a 40-hour week. These strikes 
failed, but the 47-hour week was adopted and it is prob- 
able that further development will necessitate a recon- 
sideration of this and the elimination of three hours, 
making it a 44-hour week. In the report of the commis- 
sion appointed to deal with the coal mining industry the 
recommendation, on account of the peculiar cenditions 
in this industry, starts with a seven-hour day until 
July, 1921, after which time a six-hour day shall be con- 
sidered. 


At the last annual meeting of the Lever Bros., 
Ltd., of Port Sunlight, near Liverpool, the directors 
of this company reported that they had adopted 
a 36-hour week. 


In practically all of the strikes there has been a tend- 
ency to reduction of hours, and the demands of the unions 
lie about half way between the 48-hour week and the 40- 
hour week. In some few cases local organizations have 
demanded smaller working days than that, but there is a 
very large opinion, as indicated by the votes and the ac- 
tions of the different unions in the trades, for a week 
ranging between 40 and 47, with a majority of the 
workers in favor of a 44-hour week. 


If the votes and strikes of the scheduled trades 
involved indicate anything in respect of the future 
probability, they suggest a very definite, powerful 
demand in the organized unions of Great Britain 
for a shortening of the traditional hours of labor 
and it does not look as though the present 48-hour 
week would last very long without further attempts 
to reduce it. 


Up to the present there has not been any great tend- 
ency toward wage reduction in any of the large indus- 
tries, although in some of the smaller branches of trades 
there have been reductions. In fact, in some of the 
large industries, particularly in the railroads, which are 
under government control, and the cotton and en- 
gineering trades, there were demands for increased pay. 


In the settlement of the railroad strike there was a con- : 


siderable increase allowed the workers. In the settle- 
ment of the cotton strike, which occurred just after the 
armistice, because the cotton mill owners. repudiated 
their promise for increase made during the war, a 50 
per cent increase was decided upon with an arbitration 
settlement to finally determine the matter. The coal 
miners were allowed a 30 per cent increase. 

These advances are evidence that there is no tendency 
for wages to come down, although the unemployment 
continues at a very high rate. 

Reports from Great Britain show unemployment in 
the United Kingdom on April 14 of a total of 246 unem- 
ployed per 10.000, and about one million pounds per week 
was being paid out as unemployment wage. The unem- 
ployment as reported at the beginning of May was 
slightly less and the last reports indicate a very slight 
decrease. It is evident from the conditions in the very 


important industries in Great Britain that the question 
of readjustment is a very difficult cone and that it will be 
some time before the unemployment rate decreases to a 
reasonable percentage. 


Unemployment Insurance 


The obligations of the government for unemployment 
insurance must continue to be high for a considerable 
time and will probably amount to about two hundred 
million dollars this year. The extent to which factories 
were increased in Great Britain for war purposes has not 
been understood in this country, and it can hardly be 
measured without a knowledge of the preceding circum- 
stances. The conversion of Gretna Green, which before 
the war was a village of one street and prebably 30 or 
40 houses, into a city with ammunition plants aggregat- 
ing approximately 9 miles long by 3 miles wide, with the 
necessary housing and other accompaniments, is a little 
indication of the way in which manufacturing facilities 
grew during the war. The difficulties entailed in turning 
these facilities over to peaceful occupations so as to 
maintain the employment which was built up during 
that period. 

The demobilization of the soldiers has not occurred in 
Great Britain at the rate at which it is proceeding in 
this country, and this has kept down the unemployment 
to some extent; but it is to be expected that there will 
be a great deal of unemployment in Great Britain for 
some time to come on account of the enormous difficulties 
in the way of adjusting all manufacturing facilities to 
the necessities of peaceful work and reviving the trade 
which was lost in the concentration upon the war re- 
quirements. 


One of the demands made by the labor party in 
connection with its reconstruction platform was 
the demand for better housing. This has been a 
subject of political controversy for many years in 
Great Britain and there is no question but what 
the housing conditions in many parts of the coun- 
try were poor before the war and these housing 
conditions were not improved with the consolida- 
tion of manufacturing demanded by the war neces- 
sities. 


Millions to Be Expended for Homes 


In the United States we have some housing problems, 
but we have no such problems as those confronting the 
people in Great Britain, where their population has been 
shifted to a very much greater degree and where the 
percentage of men going into service was so much 
higher a proportion of the population. The development 
in building is going ahead in a good many districts at 
the present time, and it is expected that millions of 
pounds will be expended by the government and the 
local government bodies for the erection of working- 
men’s houses throughout England, Scotland and Wales. 

It is not expected by any of the parties, or by any 
section of public opinion, that the housing problem can be 
settled through private means, and it is probable that the 
government will be obliged to assist in this program for 
a number of years in order to introduce the conditions 
which should prevail. It is not only that the number of 
houses required are not available, but the character of 
the houses for workers in Great Britain is inferior to 
those in the United States, and the facilities for sanita- 
tion, etc., are not nearly so complete. Bills have been 
introduced in the House of Parliament offering various 
solutions. The programs are not finally settled, but it 
is probable that the government will aid in the financing 
of local housing operations. 
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At present the government is financially helping the 
public utilities associations for the building of houses, 
and some of the local trade union organizations are 
contemplating qualifying themselves, legally, to act as 
building associations to enable them to secure this gov- 
ernment financial aid. Our reports on the resumption of 
building activities in Great Britain indicate that in 
several of the districts this resumption shows an increase 
of 300 per cent or 400 per cent in the last two months. 


War Has Helped Define Aims of Labor Party 


The general situation in Great Britain shows that the 
war has developed a definition of the aims of the labor 
party as a political party and the labor organization as 
a craft union which consolidates the demands of labor 
to a much greater degree than was visible before the 
war. The aims of the labor party are summed up ef- 
fectively in the platform for reconstruction which has 
been closely adhered to in the later speeches of the la- 
bor party leaders. This platform is very radical in many 
of its ideas and would be called a socialistic platform in 
many respects. 

It should be noted, however, that the labor party in 
speaking of workers includes all workers, brain and 
hand workers, in the term workers, and in this respect 
its definition is entirely different from those of the craft 
unions. The definition it makes between labor and capi- 
tal is the definition of those whose toil enriches the 
community and those who make no production effort. 

The consolidation of these demands in the political 
aspect of the labor question, as well as the definition of 
the demands of the draft unions, has resulted in the 
general admission of some points which are stil! in con- 
troversy in many other countries. 


Public opinion in Great Britain, including the 
opinion of employers, acknowledges the right of the 
worker to representation in the management, at 
least in respect of the things which concern his 
working surroundings and employment. The gen- 
eral statements by important manufacturers, by 
prominent public men of all types and by those 
whose words would count in Great Britain, indi- 
cate that the employers themselves and the gen- 
eral public recognize the obligation of industry 
and society to provide the worker with certain 
stable conditions of living and with certain oppor- 
tunities for development, as well as a measure of 
partnership in the decision of the governing prin- 
ciples under which matters shall be arranged. 


During the past six months a group of employers 
representing the principal plants in one of the most im- 
portant British industries met in London and prepared 
a set of guiding principles relating to the management 
of their business, which outlined their duties as regards 
wages, the place of the worker in the management, se- 
curity of employment, disposition of the profits and 
other subjects. 

In the matter of wages, their conclusion was: 


“These should always be sufficient to enable a 
man to marry, live in a decent house, provide 
means for the upkeep of the physical efficiency of 
the family with a margin for contingencies and 
recreation.” 


This declaration was in effect in favor of the naming 
of a minimum wage based on a cost of living. Continu- 
ing, the declaration of principles says: 

“The worker asks to-day for more than an im- 
provement in his economic conditions. We admit 
the justice of this claim and we must co-operate 
with him and treat him as we should wish to be 
treated ourselves. We propose to create suitable 
machinery for this purpose but believe that the 
more essential thing is the living desire to give 
full expression in a belief in right relations. 
Experience on shop or works committees trains 
the members in participation. We shall promote 
the formation of such committees.” 


It is this admission of the points of agreement be- 
tween the public; capital and labor which gives rise to 
the hope that the adjustment of the situation in Great 
Britain will be made with orderly development, although 
it cannot be made without some economic disturbances. 
Unless the radical element in the older organizations be- 
comes much stronger than it is, the control of the situa- 
tion by the craft unions and the statement of the lead- 
ers of the older organizations “that progress must be 
made a little at a time” indicate the general feeling that 
there is sufficient groundwork of common opinion upon 
the necessary developments to provide progress which 
will be satisfactory. 


Peace Will Offset Radical Demands 


The conclusion of peace and the concentration of gov- 
ernmental activities upon domestic political issues will 
hasten the orderly development and offset the radical de- 
mands that have a tendency to accumulate during times 
of unemployment and industrial depression. 

It is clear, however, that in Great Britain the posi- 
tion of capital, worker and government will be deter- 
mined from a viewpoint which we would consider more 
radical than anything at present on the horizon in this 
country and the conclusions arrived at will tend to ad- 
mittance of principles which we are not prepared to ad- 
mit as axiomatic in the United States. 

There is no doubt that Great Britain of pre-war days 
as a political government, has gone and that the labor 
party power will be felt in all the political developments 
of the next few years. The radical opinion may force po- 
litical consideration of matters which should not be con- 
sidered from that standpoint, and for a time labor power, 
forced by the radical demand in its own ranks, may go 
beyond wise development. 

There is some tendency of this kind to be observed, 
but it is admitted that the position of the worker, politi- 
cally and industrially, has been entirely changed and 
that it is necessary that recognition be given to him in 
a different way, so far as Great Britain is concerned. 





tance to every employer of labor. 





NEXT WEEK Mr. Tipper will discuss the developments in labor conditions in the United 
States since the signing of the armistice. This will be a comprehensive study of the situa- 
tion, especially applicable to the automotive field and will be a document of great impor- 
The development of the labor organization situation 
and the attitude of employers are traced through this period of surprises. 
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The Experimental Car 


An Outline of the Methods Used in Developing New Models for Quantity 
Production—Experimental Department Organization and Routine 


By C. Roy Watson 


their inherent merits is no chance nor hap- 

hazard business. Every firm desires to have its 
product held in high esteem by the buying public and 
to enjoy the privilege of selling cars when the mediocre 
firms are feeling slow times. 

Granted a good manufacturing organization, all that 
remains to make a success is a well developed car, and 
that means good engineering, checked by able experi- 
mental testing. The writer’s purpose in this paper is to 
give the methods of experimental car testing developed 
in several years of his experience with a leading manufac- 
turer. Like most things in these days of highly detailed 
design and efficiency, a great deal of method or system 
has to be used in the experimental work to get good re- 
sults. I am not going into the planning nor designing 
phases of engineering work, except as it borders on 
the experimental. 


How Not to Do It 


Many automobile makers to-day do not fully realize the 
importance of thoroughness and high standards in the 
experimental work. The usual procedure when a new 
model is brought out is to build a single experimental 
car composed of the first guesses of the engineers. The 
motor is perhaps given some kind of a block test and 
the car goes to the road where it is driven irregularly 
by an ordinary tester, and on week ends by more or 
less biased and theoretical engineers. Replacements 
and new devices are put on from time to time and the 
developments disturbed by tightening ups and “babying.” 
Time on the road is wasted in making advance demon- 
strations to dealers and trifling in general. The result 
is that little progress is actually made in developing the 
model, and that when the cars go into production a 
ferocious scramble ensues to patch last hour discoveries, 
loose odds and ends and unforeseen manufacturing diffi- 
culties. This means expensive delay in production, an 
increased scrap pile, profit killing replacements and nega- 
tive advertising by consumers. 


Method or System 


The time necessary to develop & new model to the 
point of production varies according to the amount of 
newly designed detail. An old model that has success- 
fully stood the acid test in the public’s hands, on which 
there have been made a few minor detail refinements, 
requires little time, although a standard of, say, 30,000 
miles of methodical road testing is always a good pre- 
caution. Such a test represents an average of five years’ 
use in the average cwner’s hands. Naturally, hot and 
cold weather, wet and dusty roads, ete., should be cov- 
ered by the test in order that it may be thorough. 

In the case of an entirely new design the drawings 
must have been completed and the commercial arrange- 
ments for stock assured. The experimental car parts 
must then be built and prepared and the component 
units pass through the laboratory tests, leaving a period 


TT make automobiles that sell like hot cakes on 


of from four to six months’ time for tests of the com- 
plete car on the road. If extremely radical designs are 
to be incorporated in the model, much more time has 
to be given to the doubtful features, as many an en- 
gineering organization has had to make a right-about 
face with some features that could not be made prac- 
tical in time. 

After the experimental cars have developed all the 
bugs and the machine is a success, the manufacture 
of parts for the new model should be sandwiched be- 
tween the production of the current model, and the de- 
velopment of tools, material specifications and the shop 
organization of means and method be completed. In 
this way the new product can be smoothly dove-tailed 
into the end of the old season’s product and the com- 
mon losses and delays in starting the new season 
avoided. 

In order to run the whole gamut of service that the 
motor public will expect the car to stand up to credit- 
ably, and to systematically handle the complex details 
of development, three experimental cars had best be 
built. With one car alone all the eggs would be in one 
basket, and in case of a road or shop accident all the 
work done might be lost. In the section on the system 
of testing out it will be seen why the third car is ad- 
visable. 


Outline of the Work 


The experimental staff should be a highly trained and 
talented force, with such equipment as is necessary to 
do the work efficiently. They should work in an atmos- 
phere favorable to keen observation and originality. 
With a live firm it seems that there is ten times as 
much work to do as the Experimental Department. can 
handle. In the automobile business resting on the oars 
is permissible only to the few firms who are greatly 
in the lead. Some have taken a hard back slide due to 
relaxing the aggressive policy. A leader must work 
hard to retain his position. I will outline the experi- 
mental work advisable to all firms in a season’s program: 

A—Developing the new model. 

1—Building the experimental car and parts. 

2—Laboratory tests and developments. 

3—Road tests and developments. 

4—-Acceptance and commercial co-operation. 
B—Super-testing the factory product. 

1—Acting upon agents’ complaints and suggestions. 

2—Experiments on employees’ cars. 

3—Replacements under commercial exigencies. 

C—Research. 

1—New designs and accessories submitted. 
2—Commercial material substitution. 
38—Competitors’ car study. 








Super-Testing the Factory Product 


From the outline it would seem that there is a good 
deal to do after the car is put into production. When the 
factory starts to build the car a certain amount of co- 
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operation is needed from the experimental force to 
straighten out difficulties in manufacturing and to closely 
inspect the new production to see that it is fully up to 
the highest standards of quality. One of the first cars 
of the production should be taken out by the experi- 
mental testers and driven 10,000 miles under all condi- 
tions to be sure that all is going well with the new prod- 
uct. The factory test is generally a short affair and 
only serves to show the most superficial defects. In the 
“super factory test” defects in workmanship, materials, 
heat treatments, accessories, etc., are found without 
waiting for the agents to get a number of cars into the 
public’s hands and in time figure the trouble out and then 
give the alarm. This test always saves many times over 
what it costs, and should be repeated two or three times 
during the season. These cars, with the other experi- 
mental cars, can be taken into the shop, standardized and 
refinished somewhat and sold at cost to the employees, 
who will eagerly bid for them. In selling such cars a 
resale limit can be imposed reasonably and perhaps some 
minor experimenting carried on, on condition that the 
owner supplies the experimental department with his 
views and findings. There is nothing like getting an 
expert to personally get the tools in his hands and min- 
ister to perhaps some of his own deficient contributions 
in the model. He soon sees the point or helps chafe the 
guilty parties. 


Refinement and Substitution 


During the season the agents and others make criti- 
cisms or suggestions for minor refinements. With judg- 
ment, these minor changes can be thrashed out on any 
car under test, where they will not interfere with more 
essential things. In the case of the failure of supply dur- 
ing the season, of any material or part, due to some com- 
mercial reason, experiments can likewise be made for 
substitution. 


Research 


Innovations come along from time to time for study 
and development. These are the things that add selling 
attractiveness to the product or cut manufacturing cost. 
They have to be sandwiched into the current experi- 
mental work, or, if important enough, a car may be pro- 
vided specially for them. As a rule, an intricate device 
should be installed by the parties submitting the same, 
and with prudence a certain amount of collaboration can 
sometimes be permitted. Often only the germ of an idea 
is brought in and nine-tenths of the adaptation and de- 
velopment has to be done by the car maker to get the 
device into practical form. 


Study of Competitors’ Cars 


Some makers study competitors’ cars and get many 
ideas, both of operation and construction. Like the fore- 
going work, this is best done by the trained talent and 
the comment of various experts of various viewpoints. 
The engineers should first look the car over in turn and 
drive it on week ends and evenings, then have a clever 
tester measure the performance in every way, run up the 
mileage for developments, disassemble for inspection and 
then have an expert draw up an analytical comparison to 
facilitate the study. 


Equipment 


A set of rooms, or, better, an efficiently arranged 
building, should be provided exclusively for the experi- 
mental work. A good arrangement is to have one large 
and one small door near together. A guard must be 
posted at the doors and the place not allowed to become 
a curiosity shop for prying individuals. People on busi- 


ness should be received by the guard in an ante-room 
which is surrounded by the necessary offices. Following 
in order grouped around a common stock room should be 
the machine shop, laboratory, and garage with large 
communications and doors. The shop and garage should 
have partitions or small rooms on the side for special 
work, and the laboratory should have a muffled wall 
testing block; a special corner can be used for dead 
stock. The machine shop should contain mainly tool 
maker’s machinery, and the size should depend on the 
quantity of work it is expedient to do in the factory, in 
keeping with the required degree of secrecy. The labora- 
tory contains motor testing equipment and apparatus of 
all kinds to make quantitative and chemical] tests. The 
garage contains plenty of parking space, facilities for 
building, filling, cleaning and repairing cars, etc. The 
location of this department should be such as to be hid- 
den from public and factory view and it should contain 
the usual conveniences for the men so as to keep them 
within their own sphere. 


Personnel 


The men doing experimental work must be trained 
experts in their specialties and not ordinary mechanics 
and drivers. They must be deeply experienced, prac- 
tical, critical, and ingenious. Ordinary wrench slinging 
dubs have no place in the work except to demonstrate 
perhaps at a later stage how the car may be abused by 
careless Owners and poor garage talent. The organiza- 
tion of the staff is as follows: 

The experimental engineer in charge has a general 
routine supervision over the whole work, sits in the con- 
ference of engineers and must be able to keep a smooth, 
alert frame of mind among his assistants, some of whom 
might be of more vital value in the work than himself. 
Three foremen of the machine shop, laboratory and 
garage look after their respective divisions and make 
reports in writing and suggestions directly to the forum 
of engineers. Lastly, the chief experimental tester is 
like the home guard in a football game—the last man to 
stop bad design and mistakes. He must be very 
thorough. 

All must work in a friendly, unbiased, and critical at- 
mosphere and be encouraged to churn up data and ideas 
without any fear or favor. All should be assured that 
they are under the direct protection of the head of the 
company and should be cautioned to secrecy outside the 
department. 


Constructing the Experimental Cars 


It is necessary at times to get special work done in 
the factory on the highly specialized production machin- 
ery. In fact, it is desirable that it should be done for 
training as far as is consistent with workmanship, ex- 
pediency and secrecy. The latter factor need not be 
much worried about ordinarily, at least not in the case — 
of conventional designs and where the volume of such 
work obscures the identity. A general policy through- 
out the conduct of the work, of not allowing doubtful 
characters to get more of the plan than is helpful in 
their detail of the work, serves to keep them from 
getting all the links in the chain and having enough to 
do any harm. 

In the process of making the experimental parts— 
and in assembling them together, expert study must be 
given to every detail in order that data may be secured 
at every stage of the work for checking developments in 
the tests, that they will be identical in material, heat 
treatment, limits, etc., to what they will be in the manu- 
factured product, that conflicts and inaccessibilities. are 
eliminated and that manufacturing facility is incor- 
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porated. Every piece should be analyzed for material, 
and heat treatment where important, in order to insure 
that everything is up to specification and that no parts 
materially weaker or stronger or more or less durable 
than the normal get in to ruin the conclusions at a later 
stage of the testing-out work. Likewise, the parts should 
be carefully checked for alignment, dimensions, finish, 
etc., and in some cases both extremes of the limits pro- 
vided for trial in parallel tests. Axial lines, bench and 
description marks should be inscribed on all new and 
doubtful parts and assemblies, in order to later study 
any bending, twisting or undue wear that may otcur. 

The careful stamping of parts not standard should be 
looked to, and anything needing special identification 
should be stamped where the mark is most visible at all 
times. Parts with rough and indefinite limits should be 
carefully measured, and data kept in a tabulated dia- 
gram. Likewise, diagrams of dimensions should be kept 
of all parts that wear. A ten thousandth part of an 
inch in such data is a good limit of measurement. There 
is nothing more exasperating than to get a break, bend, 
twist, reduction or wear effect and not have reliable 
data to go back to in drawing a conclusion. Workman- 
ship in experimental work is a bugbear, and too much 
cannot be said on the subject. Neglect in this matter 
wastes time and money. 

The valuable detail judgment and co-operation of manu- 
facturing specialists will add value to the work, provided 
it is diligently collected and tactfully handled. Re- 
member these things mean savings in money, and the 
car is composed of almost millions of little details. This 
is a little sermon on the way. 

A skeleton chassis, such as some firms employ in test- 
ing out, is only a small part of the car. It is a waste of 
time to stop here. The scientist’s assertion that every 
atom in the universe has a relation to and an effect on 
every other atom applies especially strongly here. All 
the superimposed and attached parts and the equipment 
have their mutual fits, their co-operative functions, their 
clearance relations, their stiffening and weakening in- 
fluences, their weight effects and must be in position 
when making the test. The complete car should go to the 
road fully equipped with no ifs or ands. 

The body, top, curtains, shields, fenders, control mech- 
anism, piping, wiring, etc., are portions generally de- 
signed by different hands, and the complex locations in 
different planes make many things a matter of individual 
fitting and adaptation, and templates must be made and 
allowances fixed early. Often very embarrassing and 
ridiculous conflicts are found in the finishing up stage 
where the work is improvidently conducted. The sooner 
such defects are found and eliminated the better, as 
elaborate body and sheet metal dies and forging tools 
take long periods to alter. 


Laboratory Tests 


Many of the parts, accessories and sub-assemblies need 
laboratory testing before going together. This is a very 
important work, and volumes can be written on the 
equipment and procedure necessary to do this basic 
work thoroughly. Things are in general more accessible 
in the laboratory than on the car. 

The complete car on the road should be regarded as 
the final elimination test or the last checking out of 
things overlooked and unforeseen. Every defect found 
is something of a debit mark on the thoroughness of all 
concerned in preparing the experimental car. The more 
closely the laboratory can calculate and judge to road 
performance the more effectively their work will be 
done. 
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The standards of efficiency in laboratory work are 
rising fast. Things are more accessible for fine detail 
study in the laboratory than in the car. With the ten- 
dency toward light weight construction, cleverly ar- 
‘anged physical tests eliminate the clumsy method of 
risking the tester’s life in the road test. Material and 
heat treatment inspections are conducted here. The 
motor is tested here for internal friction, power, flexi- 
bility, lubrication, balance, cooling, ignition and car- 
buretion and its shortcomings are eliminated. The 
clutch and transmission are tested for inertia effects, 
holding, slipping, shifting, lubrication, etc. The rear 
axle and universal joints are tested for lubrication, 
heating, etc. Accessories like tire pumps, horns, speed- 
ometers, fuel feeders, primers, etc., are also gone through 
in a suitable way. When the car is completed the spring 
action is studied by weighting and jacking up and down, 
and interferences are studied. The limitations of the 
bumpers and rebound straps are noted and the ares of 
axle movement all compared to the angles and sliding of 
universal joints, brake rods, torque bars, etc. Many 
incalculable and unforeseen details operating through 
several planes like control rods, under pans, and acces- 
sory connections, etc., must be corrected here. Weight- 
ing of the parts and sub-assemblies should be done also 
for comparison and future reform at least. Tabulated 
measurements of the operation of sylphons, metering 
and control mechanism, spring travel, etc., must be taken 
for future reference. 


Testing on the Road 


At least two experimental cars should be provided for 
the testing of each new model, no matter how few new 
features are brought out, as it would be an exceptional 
new model that did not contain at least a number of 
refinements in details. Ordinarily three cars had best 
be built, and two of them driven on the road by experi- 
enced professional experimental testers who are equipped 
in their specialty to adequately put the cars under every 
possible service and abuse the owners will likely give 
them; to report defects intelligently, and to suggest rem- 
edies and improvements from their intimate viewpoint. 

The first car can be driven continuously, or twenty- 
four hours per day, by two or three shifts of two men 
each. During the pre-production period some of the 
drivers can be commercial testers studying the new 
model and getting prepared for testing it. The purpose 
of the two men on each shift is to expedite any work 
done on the car on the road, to divide up the driving 
work, help in heavy road difficulties, expedite caretaking 
work and that one may serve as a rescuer if he escapes 
injury in case of an accident. It is needless to say that 
poor or careless drivers will not be a good investment 
in experimental work. One of the two drivers in each 
shift serves as the captain of his shift and makes re- 
ports directly to the chief experimental tester, keeps 
up the data collected during his shift and opportunely 
co-operates with the engineering and experimental 
forces. 

One of the results gained on the 24-hour car will be 
the effect of great distance, as 30,000 miles can be turned 
up normally in three months; another will be plenty of 
abuse administered, as the men get on a fine driving 
edge and can “slam her over the road” in good shape. 
Figuring an average driving season as 6,000 miles, the 
distance traveled will represent five years of service and 
the maximum of road abuse the car can receive. A car 
tested to this degree and found “all there,” can hardly 
be compared to the one and two-season repairshop 
wrecks which are due to the low engineering standards 
of the makers. 
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At this stage the car should be completely taken down 
and inspected. It should have gone through the test 
without adjustments of motor bearings, cleaning of car- 
bon, valve grinding, replacements and adjustments, and 
still be in fairly good running shape. With a few slight 
adjustments and cheap replacements, i.e., a light over- 
hauling, it should giye a,creditable performance and be 
ready for another long period of use. 

The result of frequent warming and cooling, cold, 
garages, slow and irregular driving resulting possibly in 
rust, condensation, corrosion, freezing and the fine detail 
study cannot be got on the 24-hour or big mileage car, 
so the second car should be driven by a crew of two dur- 
ing the usual day of work and at times a little in the 
evenings. The sharpest talent should observe this ar, 
and it should be tested all around the country and sub- 
jected to all possible conditions. 

The third car should be kept about the shop to use 
for a model in fitting and measuring, etc., without hold- 
ing up the active cars for that time-consuming work. 
This can be loaned to the engineers for their driving and 
study and also possibly used at times for some advance 
demonstrations to dealers. Side issues should not be 
allowed to conflict with experimental work. Using the 
experimental cars for personal and commercial services 
should not be tolerated. These things always consume 
more time than anticipated, distract from the work, de- 
stroy observation and spontaneous thought and _ inter- 
fere with road and weather opportunities. Routine mat- 
ters should not be allowed to intrude on the work at 
any stage, as they spoil keenness of thought and origi- 
nality. 

After the rawest defects have been eliminated and 
the cars found safe to go out of the vicinity of the shops, 
every kind of roads and climate should be visited. The 
extremes of hot and cold weather should be experienced 
to see if the carbureting, cooling and other temperature- 
affected factors are right. Winter work in the north 
can be supplemented with warm weather driving in the 
south. Sand, gravel, dust, mud and snow roads should 
be sought to see if any kind of dirt gets in anywhere and 
does damage by clogging, chemical action or wear. To 
see if the clearances are good, the pulling is smooth, the 
brakes are adequate and all suspension, torque and 
running gear parts strong under abuse. Mountainous 
roads, rough and smooth roads, wet and dry roads should 
all be tried out in various combinations. A volume could 
be written on the fine details and abuses and the money 
that motor car companies have lost by lack of thorough- 
ness in their testing-out work. 


The Car’s Initial Run 


When the new car is first started out it should be run 
easily, well lubricated, and kept in good adjustment for 
a little while; then the severity of the work should be 
gradually increased in every way to a reasonable point, 
and finally the maximum of reasonable abuse and over- 
load should be given. In this way the whole story of the 
weak features is obtained, whereas if the model was 
roughly handled from the start, and smazhed, only one 
thing would be learned, and that is that it would not 
stand the maximum. As an abstract deductive method 
of analysis of the qualities of a car the practical maximum 
and minimum of everything must be considered. Two 
qualifying conditions creep in here: One is practical 
experimental judgment based on broad knowledge and 
experience and the ideal of the “Old One Horse Chaise” 
mechanical principle. Not that the climax in this ideal 
is looked for exactly, but that the standards in lubrica- 
tion, adjusting, repairing, or the caretaking requirements 
are not such that a little neglect on the motorist’s part 
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is going to result in stalling him in the middle of a Cali- 
fornia desert or call on him to buy half of his car over 
again. For instance, if a ball or roller bearing is used 
in a part of the car likely to be neglected in some way, 
the chances of trouble to the motorist (which is always 
trouble to the manufacturer as well) will be much less 
perhaps than with a plain bearing that might seize and 
twist off a shaft, rip up a set of gears, or smash up a big 
casting. Such deep considerations make the fine auto- 
mobile that connoisseurs speak of with admiration. The 
lack stamps the improvidential institutions that can 
hardly get their product to the shipping deck and be sure 
that something is not going to happen the next minute. 

After the crudest of weak points have been remedied, 
the experimental work simmers down to the long-distance, 
long-time durability tests and the fine detail study under 
various climatic and road conditions and the unfore- 
seen combinations of circumstances that are stumbled 
onto by accident. 

About every 15,000 miles the car should be taken 
down and inspected thoroughly. When doing work upon 
parts that have fallen down in the test everything opened 
to view should be inspected, but it should always be kept 
in mind that frequent adjustments, tightening ups and 
minute attentions such as the average owner neglects 
should not be made, as valuable developments are apt to 
be lost. If the car is going to be a rattle trap, keeping 
the experimental and demonstrating cars tight is not 
going to help the motoring public’s opinion in the least. 
It is better to find these things out at the factory and 
remedy them than to wait for the public to advertise the 
outfit as a junk pile. 


Paper Work 


An important aid in the work is the compiling of data 
and reports. These things are indispensable. On the 
cars, log books are kept of fuel, oil: water and tire con- 
sumption. Odometer readings, gage readings, acceler- 
ation readings, climatic and road conditions, are kept, 
tabulated for reference and comparison. Likewise, im- 
pressions of speed, power, noise and vibration are re- 
corded. Thorough reports of the experimental work 
and data collected, as well as remedies and suggestions, 
must be promptly prepared and sent to the engineers 
and those helpfully concerned in the work. The reports 
are typewritten on a form handy for filing, and their 
delivery is carefully checked. An index is kept, which 
is compiled from the reports and data, and is available 
to all. The system compiles the story from the stand- 
point of problems under development, sub-assemblies 
and functions in the car. In this way the history of any 
development can be found quickly and without s2arching 
through a mountain of papers for little details. Insuffi- 
ciently checked details and guesses should not be sent in 
unless time presses, and then they should be labeled as 
such. 

In all experimental work the keynote must be thor- 
oughness and adherence to actual operating results. and 
not pure deduction and theory. Some engineers are like 
the woman who dropped four cents on the street car 
floor and left the conductor to look for five. An engineer 
with a salesman’s graces is a danger to the community. 
The work is impersonal. The experimental men must 
consider themselves as the company’s and the purchasers’ 
friend jointly, and not allow anything to be “put over” 
that is not up to the highest standards of the art. It 
is the duty of the management to see that the critics 
are not molested in any way by offended persons. Poli- 
tics in the shop and underground bickerings caused by 
a neglect of the management to thoroughly supervise 
are very demoralizing to results in engineering work. 


= 
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Truck Loading Devices Reduce 
Lost Time : 


Installation of Apparatus for Handling Loose or Bulky Material 
Cuts Labor and Increases Profits 


By J. Edward Schipper 


\W eoeetery quantities of loose materials, or ma- 
terials of tremendous bulk, have to be loaded 
into trucks the problem arises how this can be 

done so that the loading time and the expense of loading 

will be reduced to a minimum. 

Every time an analysis is made of truck transporta- 
tion cost, the length of time required for loading is 
found to be an important factor. Therefore, truck manu- 
facturers, contractors and fleet owners are constantly en- 
deavoring to cut down the time required to load or un- 
load the vehicle and are giving every encouragement to 
the design and invention of devices which make this 
possible. 

Loose material such as dirt, gravel, coal, ashes, etc., is 
most difficult to deal with. Solids, such as stone, bales of 
hay, bales of cotton, furniture, crates, etc., do not pre- 
sent as hard a problem, because they can be lifted on the 
loading platform and generally packed very easily by the 
driver and helper into the desired position. Where the 
articles handled are of miscellaneous size and shape, as in 
moving van service, manual labor has to be depended upon 
entirely, and for this reason a different basis of charge 


Left — Wood hy- 
draulic hoist. 
Weight, 325 lb.; 
capacity, 3 tons. 


Below — All-steel 

dumping body 

with driver-oper- 

ated tail gate 
latch 





is generally used in this class of work. For handling the 
loose materials mentioned, however, a variety of devices 
are in use, and many of these are of exceptional value. 

Dumping is the most common method of unloading 
loose material. Dumping bodies were employed to a con- 
siderable extent on horse-drawn vehicles before the motor 
truck came into common use. These early dumping bodies 
generally were manipulated by the driver, who inserted a 
crank on the squared end of the shaft and cranked the 
wagon body up to a dumping position. A train of gears 
gave the reduction necessary to enable one man to readily 
lift a loaded 2 or 3-ton wagon. This type of body was ex- 
tensively employed for retail delivery of coal and is still in 
common use. 


Hydraulic Hoists on Motor Trucks 


In the case of the motor trucks the dump body is gen- 
erally hoisted hydraulically. Owing to the presence of a 
gasoline engine on the truck, mechanical power is avail- 
able for the hoist, and generally a take-off from the gear- 
box permits of the engine power to be used in operating 
the pump for a hydraulic hoist or in running any other 
unloading device which can be mounted upon the truck 
itself. 

Hydraulic hoists are made in either vertical or slanting 
installations. With an hydraulic hoist it is important 
that the load be properly distributed so that when the 
outfit is installed on the chassis, the chassis is not called 
upon to take care of any undue strain; there must also 
be no undue strain on the hoist. 

With a recent type of hydraulic hoist it is possible to 
dump a capacity load in about 15 sec. After the com- 
modity is dumped it is not necessary to keep the truck at 
rest. The driver can start on his return trip and the body 
will of itself come back into position. This may appear 
on the surface to be a small item, but when figuring cost 
on a job, is is a saving of time such as this that makes 
the job profitable. : 

As compared with manual unloading or hand-operated 
gear trains for raising. the dumping body, the hydraulic 


“ hoist is so far superior that it requires only a relatively 
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Variety of Hoists Used to Economize 
Time 





Winch-equipped truck for telegraph pole installation Vertical type of hydraulic hoist installation 





Haiss type of digging wagon loader, eliminating practically all hand shoveling 
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short time to pay for itself. This is 
realized by motor truck manufactur- 
ers who are indorsing the installation 
of the hydraulic hoist in combination 
with dump bodies. 

An important factor in the success 
of a dumping body is the design of the 
tail gate. For instance, in road build- 
ing, by the use of a restricted type of 
tail gate, sand or gravel can be spread 

Y a i met : ; J along the road in any desired thick- 
masiiky 4 su eauahie : senna mit 6 ness while the truck is in motion. It 
st » AUN [i a gee, Se “ahh is almost impossible to calculate in 
He | money, labor and time saved the value . 
of this method. On the other hand, if 
the commodity is to be dumped all in 
one spot, it can be placed just where it 
is needed, and by the use of the ver- 
tical hoist the body can be quickly 
raised to the proper height. The an- 
gle to which the body must be raised 
has been worked out for various ma- 
terials. 

The hydraulic hoist for a 5-ton truck 
weighs approximately 500 lb. in the 
heavy-duty type; that is, a 500-lb. 
hydraulic hoist will have a capacity 
up to 7 tons. Such a hoist requires a 
space of about 15 in. between the body 
and the seat, if installed vertically, 
or from 18 to 20 in. if slanting. The 
lightest type of hydraulic hoist, de- 
signed for trucks up to 2-ton capacity, 
but capable of lifting up to 3 tons, 
weighs approximately 325 lb., and re- 
quires a space of 13!» in. between the 
body and seat. On this type the body 
arms are outside the chasis frame. 








ump body raised by power take-off on transmission system 


A Truck Crane 


nd we A very ingenious loading installa- 
ae boi eee tion, which is used by Massachusetts 
GALION sti. ECs iy me . ee municipalities for sewer cleaning, em- 
ploys a truck crane with a fixed boom 
GALJON no vis SNC and a single drum for raising and low- 
ering the clam bucket. This is oper- 
ated by a direct take-off from the 
transmission gearset, and is mounted 
on an extension on the side of the 
truck frame, as illustrated. The clam 
bucket itself is opened and closed by 
compressed air, the air compressor 
which the installation comprises being 
driven from the transmission shaft. 
This arrangement can be made either 
automatic so that the clam _ bucket 
opens after it has been lowered, and 
closes when the hoist starts, or it can 
be made manually operated so that the 
opening and closing can be timed at 
the will of the operator. The crane 
swings the loaded bucket over the 
body of the truck, and it is dumped 
by the compressed-air system, which 
opens the clam bucket. Formerly the 
art p et = weighted tails were simply lowered 
>. and the cleaning operation performed 

by manual labor entirely. 
Gatien deve for unloading hopper type freight cars into wagon by means of & In all loading of loose materials, 
hoisting device, reservoir and chute A particularly those which are delivered 


ttn. ang" 





> 
Pa 








June 12, 1919 AUTOMOTIVE 


THE 


to the loading point by freight 
car, it is highly desirable that 
gravity loading be used. Wher- 
ever it is feasible, the freight 
car should be brought up to an 
elevated track and dumped into 
overhead bins, from which the 
material can be withdrawn 
through some form of chute into 
the truck. 

This method can be employed 
to advantage even in small-scale 
operations, because it not only 
eliminates manual labor, but 
after the material has been once 
delivered to the highest point 
by means of the rolling stock it 
requires no further power expen- 
diture in handling it, except that 
required for opening and closing 
the chute doors. 

The use of winches mounted on 
trucks for heavy work is prac- 
tically a necessity. For instance, 
in telegraph and telephone pole 
installations, where the heavy 
pole has to be hauled into posi- 
tion and then lifted and low- 
ered, the use of a winch effects 
a very material saving as com- 
pared with the old _ pike-pole 
method. Furthermore, the use 
of winches tends to obviate phys- 
ical injury. Statistics show that truckmen compelled to 
lift heavy crates or other unwieldy bulks are more sub- 
ject to hernia than any other class of men. For this 
reason alone the extensive use of lifting devices should 
be urged. A winch mounted on the truck platform will 
be found to give a wider range cf utility to the truck 
body, particularly for contractors, who are apt to handle 
practically any class of work. Telephone and telegraph 
companies have found it necessary to maintain several 
trucks so equipped. 


Sees 


Sewer cleaning installation with power take-off from transmission and 


clam bucket, operated by compressed air 
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Feeding from concrete mixer directly into truck, with ground dug away to 


permit clearance 


For handling such materials as coal, coke, stone, sand, 
fertilizer, and similar loose materials, from storage or 
cars, various types of portable loaders external to the 
truck itself can be employed to advantage. For instance, 
the continuous chain type, with closely spaced buckets, 
is very useful. The buckets pick up the load as the loader 
is pushed into the material, and are kept full by manual 
shoveling, if this is necessary. The buckets then deposit 
the load into a chute or hopper, from which it is fed into 
the truck. By the use of mechanical loaders of this 
type it is possible to cut the loading 
time from 15 to 20 min. down to 2 
min. These figures are reported by 
the manufacturers of a device for un- 
loading stone, sand, gravel, or other 
similar material, from a hopper-bot- 
tom car, carrying it to a bin, and 
loading it into a truck or wagon with- 
out the employment of any shovelers. 
It is figured that the cost for labor 
alone, loading stone out of a car into 
a wagon or truck, comes to about 15 
cents per cubic yard when the work 
is done manually. With this type of 
loader it is claimed it will do this 
same work for about 212 cents a cubic 
yard. 

Machines of this kind are operated 
by one man, and as many as ten cars 
of a total weight of 500 tons can be 
moved in one day. The chief units in 
the construction of the loader are: 
frame, hoisting apparatus, bin, chute 
and pit,-and the powerplant. The un- 
loader is first located at a siding, and 
the cars are so moved that the hop- 
pers or slides are over a chute placed 
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under ‘the railroad 
track, where the 
load is discharged 
into a pit which 
is between the 
elevator and the 
track. The bucket 
is loaded, and then 
hoisted on an in- 
clined track and 
emptied at the top 
of the track, into 
a hopper bin, from 
which it is dis- 
charged by gravity 
truck chutes into 
wagons, trucks or 
hauling cars. The 
drivers operate the 
chutes and load 
their wagons with- 
out delay or assist- 
ance. 

The elimination 
of hand shoveling 
is of supreme importance in saving time and money on 
work of this kind. As a matter of fact, it is almost 
impossible to get hand shovelers, because in summer 
there is so much other work to be had that men will 
not do this sort of work, and in winter conditions of 
frost make it practically impossible. 

The manufacturer of a type of loader widely used 
compiled figures for comparison of costs in loading 5 
cu. yd. of broken stone, coke, gravel, sand, and similar 


: ~_ 





Lee loader in dumping position 
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Useful type of road body which can be loaded or dumped from the side 


material, by hand and by a loader. His conclusion, based 
on cost of labor, time of use of truck, etc., was that the 
loading of a truck by hand cost $1.941% and by machine 
4514c. The use of the loader almost exactly doubled the 
number of trips that could be made by the truck. 


British Standard Accumulator Rating 


O value for the capacity of an accumulator is of prac- 
tical use unless it is also stated at what rate the current 
is generally assumed to be taken from the cells. 

The following rating rule for accumulators used on auto- 
mobiles for starting, lighting and ignition has been adopted 
by the Society of Motor Manufacturers and Traders (Eng- 
land): 

“Accumulators shall have printed on their labels their ac- 
tual capacity when discharged at a definite rate continuously, 
this rate being one twentieth of the capacity claimed. An in- 
terval of rest to be allowed, such interval not to take place 
until half the period of discharge has expired. 

“In every case the discharge test is considered as being com- 
pleted when the pressure in volts per cell has fallen to some 
pre-determined value, usually 1.8 volts per cell for the 10-hr. 
discharge and 1.85 volts for a 20-hr. discharge as an accumu- 
lator discharged at a very low and easy rate should not be 
allowed to fall to as low a point as would be safe at a higher 
rate of discharge.” 

During the past year this important subject of accumulator 
capacity has also been fully considered by the Portable Bat- 
tery Makers’ Section of the British Electrical and Allied 
Manufacturers’ Association who have considered the matter 
from the point of view of electrical engineers dealing with 
accumulators used for every purpose, including automobiles. 

A standard curve has been issued by them in which the 
percentage values for capacity at discharge rates varying 
from 1 to 20 hr. have been agreed upon and accepted by the 
principal manufacturers of portable accumulators. 

This standard capacity curve having been considered by 
the Society of Motor Manufacturers and Traders through the 
Accessories and Components Committee, they fully appreci- 
ate the value of the work done in this connection, and agree 
that all figures for capacity based upon the 20-hr. figures in 
this B. E. A. M. A. curve are acceptable to them as true 
values for capacity at 20 hr. rate under rating. 


HE Russell Mfg. Co., Middletown, Conn., has issued a book- 

let giving complete data of brake lining and clutch facing 
sizes used on different models of cars and trucks. The pub- 
lication should be of particular use to garages and repair- 
shops. 
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Effects of Wrapping on the Strength 





of Struts 


Found to Be of No Value When Additional Weight of Wrapping Is Con- 
sidered—Bakelized Canvas Slightly Increases the Strength of 
Strut, But Cotton Tape Does Not 


By T. R. C. Wilson* 


{T\HE wrapping, partial or entire, of certain airplane 
members such as struts or wing beams has been 
more or less commonly practised under the supposi- 
tion that such wrapping aided in (1) increasing the 
strength at critical points, (2) holding the members to- 
gether in case of partial failure, thus preventing sudden 
failures, and (3) keeping out moisture. 

Wrapping has been advocated especially for cross- 
grained material in order to make available for air- 
plane construction spiral-grained stock which would oth- 
erwise be rejected. 

Extensive tests conducted by the Forest Products Lab- 
oratory of the Forest Service for the Air Service of the 
Army and the Bureau of Construction and Repair of the 
Navy on cross-grained, untapered spruce struts of the 
same outside dimensions covered with bakelized canvas 
gave the following results: 

(1) (2) 


2 
2-Ply canvas covering 4-Ply canvas covering 
(12 struts) (12 struts) 

AS 





RI ee ‘ 
Q Q/w Q Q/W 
Oe een a 2922 619 2672 480 
> snare ll Poe ae ead 3500 750 3200 580 
Minimum ...........-- 2425 532 2100 361 





Q=Maximum or crippling load in pounds. 
W—Weicht of strut in pounds. 


The deflections in inches of the struts which were 
tested to destruction were as follows: 


(3) (4) 
2-Ply canvas covering 4-Ply canvas covering 











(3 struts) (5 — 

“-. =. © ‘ex = & 
average eo a ae en es 
WEIRIMUM occ sinc ecees : mf 4.8 5.0 2.1 5.5 6.3 

E.L., T., and F. mean deflections at elastic limit, at first audible 


cracking of wood and at final failure of strut (rupture of canvas), 
respectively. 

Four struts were tested to maximum load with the 
canvas on; the canvas was then removed and the struts 
again tested to maximum load. The average results and 
relative efficiency of different coverings follow: 


Solid wooden 
struts of same 
dimensions 
as in X com- 
puted values 


Canvas 
covering removed 


With canvas 
covering X 








ry ‘\ er. i Q Ww 

' @ WW. @Qw e w Q/w @ WwW Q/ 
i a alg ineece 3362 4.59 732 3012 3.53 852 3885 3.89 998 
Por cent... 100 .100 100 oS) 7% 136 196 #85 186 
RE AAD Oe 2587 5.59 465 2145 3.48 636 3460 4.12 855 
Per cent... 100 100 100 83 61 137 134 «£«+%174 184 


Four struts were tested to maximum load with canvas 
full length after which the canvas was removed from the 





*Engineer in Forest Products. 


cuter thirds of the length and the struts were again 
tested to maximum load. , 


The average results follow: 


All canvas removed 
Entire length from 
canvas covered outer thirds of length 


a ———_—___—_ 
ail ns eet ace 


oe 

Plies Q Ww Q/W Q w Q/wW 
Bh at Sia eet taaanetay% ay eon @ilkveserh tera 5.02 558 2590 4.30 603 
PP? OME. daw Wek ee tere 100 100 100 92 86 108 

et eiekt Wnaiuled + se shad bean 2300 5.58 414 2003 4.17 484 
RM”  MUOMIES cars: mista aus vaiea 100 100 100 87 74 117 


Average results of tests of cross-grained Sitka spruce 
and Douglas fir struts (taped and untaped) follow: 
Struts Wrapped with Cotton Tape and Given Three Coats of Dope. 

10 Pairs Sitka Spruce. 
Deflections 


Maximum —_-_—. Load 
Weight (W) Load (Q) Q/W AtE.L. AtT. at T. 
Lbs. Lbs. Ins. Ins. Lbs. 
Taped 3.49 1262 362 2.1 6.2 934 
Untaped «..... 3.24 1276 394 2.0 6.4 910 
Struts Given Two Coats of Wood Filler, Wrapped with Cotton 
Tape and Given Four Coats of Dope. 
10 Pairs Sitka Spruce 
Deflections 
Maximum tw HM ——__CSCO=LLcoand 
Weight (W) Load (Q) Q/W AtE.L. AtT. aT. 
Lbs. Lbs. Ins. Ins. Lbs. 
cee 3.37 1197 355 2.5 3.9 993 
Untaped ....i8- 3.25 1285 395 2.1 5.2 1046 
10 Pairs Douglas Fir. 
Deflections 
Maximum —__—_——.__ Load 
Weight (W) Load (Q) Q/W AtE.L. AtT. at T. 
Lbs. Lbs. Ins. Ins. Lbs. 
ce 3.94 1480 375 2.8 5.0 1262 
Untaped ....... 3.63 1406 387 2.2 5.4 1121 


E.L.= Elastic limit. T.— Tension failure. 


These struts were of the tapered type used in the J-I 
training plane. All had cross grain of greater or less 


degree. Each taped strut was cut from alongside an 
untaped one. Before taping all struts were the same 
size, 


The conclusions from all tests are as follows: 

The addition of bakelized canvas to cross-grained 
struts, (1) increases the load somewhat but decreases the 
load per unit weight, and (2) increases the deflection and 
work to final failure and hence the shock-resisting 
capacity. 

Wrapping cross-grained struts with cotton tape accord- 
ing to standard methods has no appreciable effect on their 
strength properties. It is doubtful if any other methods 
of wrapping such as cording would increase the strength 
properties very greatly. There is also the probability that 
any wrapping or covering will be loosened by weather 
changes. . 

It is believed that wrapping is of less value than the 
same volume of wood, and since the wrapping is likely to 
be heavier than wood it is of still less value compared 
to the same weight of wood. 
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Landing Fields for Commercial Aviation 


Some Considerations Entering Into Their Location 
and Design, as Determined by Army Aircraft Officials 


landing fields are of the highest importance when it is 

attempted to establish commercial aviation routes, and 
the many elements that enter into their construction must be 
fully considered. Although no complete and comprehensive 
analysis has yet been made of all the factors that should be 
taken into account, some reports have been made on the sub- 
ject and rules and regulations established by the War De- 
partment. 

Because of the thinner atmosphere in districts located at a 
relatively high altitude, it is necessary to make the fields in 
such districts of greater length, to make it possible for the 
machine to attain a greater speed within the length of the 
field and thus insure the same rising power. For determining 
the necessary length of the field the War Department has 
developed a formula by which the length of the field neces- 
sary at sea level is multiplied by the ratio of the average 
weight of dry air (in pounds per cubic foot) at sea level to 
the average weight of dry air at the altitude considered. 
This gives the required length of the field at the altitude in 
question. The accompanying chart and table illustrate this 
method. 

The height of surrounding country, the accessibility of the 
field from the port of call, the character of the soil and the 
prevailing winds are other important considerations. A land- 
ing field properly constructed according to the War Depart- 
ment specifications published herewith must have the point 
of landing at least 1200 ft. from the nearest obstacle 100 ft. 
high, 500 ft. from the nearest obstacle 60 ft. high, etc., in- 
cluding as obstacles trees, buildings or other construction, 
and hills. 

To mark the fields so they can be distinctly located from 
great heights the army uses either a concrete landing cross 
measuring 150 ft. in each direction, or a circle 100 ft. in diam- 


; CCORDING to army and other Government officials, 


Data for Use in Calculating Necessary Length 
of Landing Fields 


lo 


Altitude 
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eter with an outer ring 3 ft. wide and with letters 15 ft. long 
and 3 ft. thick. 

Where fields are built in sections that suffer from consid- 
erable wet weather or frost, sand foundations should be used 
to prevent either mud or rough frozen ground. 
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Emergency fields, which do not have to be so complete as 
the permanent landing fields, should be particularly numerous 
in hilly country where it would be difficult to effect a landing. 
To insure absolute safety, the fields should not be further 
apart than twelve times the service ceiling of the airplane 
used. It is generally estimated that an airplane can make 
a forced descent six times as long as its service ceiling. For 
example, the Curtiss planes used in the air mail service have 
a ceiling of 1 mile. In case of trouble they can glide down 
over a distance equal to six times their ceiling, or 6 miles, 
and consequently if emergency fields are located 12 miles 
apart, the planes, when forced to land, are always able to 
reach a field. 

Fields of this character, being used only in emergencies, 
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need not be given the attention of permanent fields and can 
be considerably smaller. An airplane can land on a field 
500 ft. long, although it might not be able to rise from it. 

In deciding upon the location of a hangar on a field, the 
direction of the prevailing high winds must be studied. Prop- 
erly arranged, a hangar will serve to take the brunt of the 
usual prevailing winds and act as a protection to the field 
and to the airplanes landing on it. At the same time the 
hangar cannot be built so that the winds will blow across the 
entrance. 

There is considerable danger of injury to planes leaving 
or entering a hangar if the entrance is not shielded and so 
built that the winds strike the back of the building instead 
of across the doors. : 


A Suggested Modification for Liberty Carbureter Air Intake 


By C. 


N the March, 20, 1919, 

issue of AUTOMOTIVE IN- 
DUSTRIES two views were 
shown of the air intake 
used on the Liberty air- 
craft engine. The article 
states that the intake 
pipe is cut off at an angle 
so that pressure may be 
produced by the propeller 
slip stream. 

Some time ago. the 
writer experimented upon 
the effects of a stream of 
air passing the end of a 
small tube when the tube 
axis was at. different 
angles with the direction 
of the air current: The 
tube was connected to a U 
tube manometer contain- 
ing water which indicated 
any suction or pressure 
that was produced at the 
end of the tube. If these 
experiments of mine are 
comparable with the con- 
ditions existing at the car- 
bureter intake, it would 
seem that the angle at 
which the air intake for 
the Liberty aircraft en- 
gine is cut off is about the 
proper angle to reduce 
the effect of the propeller 
slip stream to zero. 

This at once suggests a 
modification of the design by which it might be possible to 
increase the power of the engine at high altitudes and at the 
same time partly compensate for the increased richness of 
the carbureter mixture at high altitudes. Some of your 
readers who may have the facilities might be interested in 
trying the design here illustrated and explained. 

In the illustration, A represents the vertical carbureter in- 
take pipe to the top of which is attached the eltow B. B is 
fastened to A in such a manner that it may be rotated about 
the vertical axis X-X. B has a lever arm C attached to it so 
it can be rotated by a rod D running to the dash. 

When the opening of the elbow squarely faces the slip 
stream, the total air pressure in the intake would Le the sum 
of the atmospheric pressure plus the pressure equivalent of 
the slip stream velocity. With the elbow turned 90 deg. from 
facing the stream, a suction instead of an impac: would be 
produced in the intake, the value of which varies with the 
velocity. At some position intermediate between these two, 
the slip stream velocity would have no effect upon the pres- 
sure in the intake. 
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The probable effect upon the mixture would be to make 
it leaner when the elbow faces the slip stream and richer 
when at a right angle. If the carbureter were adjusted to 
give the correct mixture with the elbow at a right angle 
with the slip stream and then turned facing it, it should part- 
ly compensate for the effect of decreased air pressure at high 
altitude. With the elbow facing the stream, it should also be 
possible to get an increased weight of mixture into the cylin- 
ders, hence, more power. 

lf anyone should try this or has already tried it, the 
writer would be pleased to learn of the results—C. V. EL- 
LIOTT, Instructor in Mechanical Engineering, Louisiana State 
University. 

Carburetion of Low Grade Fuels 
(Continued from page 1259) 
changed a number of manifoids along these lines, and in 
every case there has been a decided increase in power and 
fuel economy ; in some cases both were increased as much 
as 25 per cent. 

On large engines, where the manifolds are of consid- 
erable length, and especially on heavy duty marine en- 
gines, the distance the fuel has to travel becomes a seri- 
ous factor, and it is well to consider the advisability of 
using a carbureter for each cylinder or for each pair of 
cylinders. In such cases a side outlet carbureter, where 
the fuel passes from the mixing chamber to the engine 
cylinders by the shortest possible path, is the most ef- 
fective. 

It is also essential to make a close study of the mix- 
ture velocity in the mixture passages. No doubt there are 
designers with plenty of experience who can estimate 
very closely the necessary velocity, but for truck, tractor 
or marine engines, in which most of the lew grade fuel 
is used, it is advisable to make up several manifolds 
giving different velocities, and thus develop the correct 
size experimentally.’ This applies also to a certain extent 
to automobile types. It is the writer’s opinion that for 
most of the work above mentioned, a limited full load 
speed is desired, and after all other parts of the design 
have been settled, it is well to reduce the manifold area 
until it just begins to affect the maximum power. This 
will unquestionably produce the best results. 

NE of the noteworthy consequences of the war, according 

to Metall und Erz, is the great increase in the output of 
wolfram (tungsten). Before the war the whole world pro- 
duction did not exceed 10,000 tons annually. The present 
output is at least double that quantity. An approximate esti- 
mate gives: Portugal, Spain, France and Great Britain, 
2500 to 2800 tons; North America, 6000 tons; South America, 
3000 to 3500 tons; India, Siam, the Malay States and Aus- 
tralia, 5500 to 6000 tons; China and Japan, with Indo-China, 
800 to 120 tons. 
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Ensign Heavy Fuel Apparatus 


By O. H. Ensign 


CARBURETOR with an inherent correct-mixture char- 

acteristic dependent upon the principle of design (rather 
than on experimental or scientific development by combining 
certain compensating elements) is especially valuable with 
low-grade fuels. The carburetors described herein fulfill these 
conditions. The basic design of these carburetors is shown 
in Fig. 1. Fig. 2 shows a horizontal section through this 
vortex mixing chamber. The air enters the metering cham- 
ber X tangentially and flows downward to the outlet K of 
the chamber, following a helical path. The air inlet 
is of the same size as the engine manifold (the nominal 
carburetor size) and the velocity is nowhere higher than 
in the manifold. The pressure drop at the center of the 
vortex mixing chamber X is the result of centrifugal action, 
plus the small entering velocity head. With air only, this 
pressure drop at all speeds is directly proportional to the 
velocity head in the air horn or manifold, averaging about 
five and a half times that head. 

When operating normally, the fuel drawn in at the center 
of X is thrown by centrifugal force through the revolving 
air and attains its maximum velocity near the rim-of X. In 
so doing it absorbs from the air the energy necessary to 
attain this velocity, thereby causing a drop in the whirling 
speed of the air, which in turn acts to reduce the suction 
on the fuel applied through the suction outlet D. In other 
words, we have a centrifugal pump with an air impeller 
operating under suction lift only, against a restricted orifice, 
but this pump is flexibly impelled and slows down with the 
added load of fuel with each increment of added motor load, 
so that there is an inherent tendency to thin the mixture 
as the load increases, instead of a tendency to enrich it. 
The mixture characteristic can be changed by the operator 
only with reference to the general fuel-to-air ratio, but not 
for any particular speeds and loads. 

Vaporization of the lighter constituents of the fuel also 
causes an added drop of suction at D, as their expansion 
partially eliminates the vacuum, so that the more volatile 
the fuel, the less will be used. The more you heat the 
mixture by means of hot air and increase the vaporization, 
the less fuel will be used. In other words, the better adapted 
the fuel is for economical use in the motor, the less of it 
the carburetor will deliver, and this applies throughout a 
wide range of temperature. There is no need of adjustment 
for temperature changes, but adjustment will be required 
when changing from one fuel to another of far different 
volatility. This characteristic makes hot air the most effec- 
tive method of heating. The rate of revolutions about the 
center of the mixing chamber X reaches 15,000 per minute 
in some installations. The heavy particles of fuel will be 
thrown to the outer wall and brought into the fresh air 











Fig. 1—Sectional view of 
Ensign carburetor 





Fig. 2—Horizontal section through 
vortex mixing chamber 


stream repeatedly, thus “aerating” the fuel to the maximum, 
if such a term can be used, and those heaviest fractions 
which reach the holes J at full load will pass through them 
under an atomizing pressure of about one-fourth of the 
total pressure drop through the mixing chamber, which may 
reach 30 in. of water when the proper size carburetor is 
used. Hot air in this mixing chamber aids materially, be- 
cause the reduction of viscosity allows better breaking up 
of the fuel. At low throttle, all the heavy particles will 
be carried through the by-pass tube Z and ejected above the 
throttle at O. The natural mixture characteristic of this 
carburetor on modern gasoline is from 16 to 1 by weight 
at no load to about 17 to 1 at full load, with a straight line 
mixture inherently produced between these two points under 
all conditions of operation. The unbalanced butterfly E is 
used only for automobile work, when manifold conditions 
make it difficult to get extremely low idling. However, on 
an ordinarily geared machine at 7 to 10 m.p.h., this un- 
balanced butterfly lies horizontally and offers no resistance. 
It is not in any sense a choke and does not affect the pres- 
sure on the mixture at any time more than % in. of water. 
With this metering characteristic and this tremendous aera- 
tion of the fuel, it is naturally a low grade fuel instrument, 
and 90 per cent of the factory output of the Ensign Carbur- 
etor Co. has been for cther fuels than gasoline—mostly 
kerosene. 


Fig. 3 illustrates the side outlet carburetor in this type, 
for use with block motors with or without integral manifold. 

With this straight line mixture and the manifold con- 
struction outlined above, combined with the proper applica- 
tion of hot air, there is not as much risk from pre-ignition 
as there would be where there is a possibility of a stratified 
mixture and poor distribution. 

To still further eliminate the difficulties arising from 
starting and handling of low grade fuels, especially kerosene 
and similar products, the Ensign fuel converter, shown in 
Fig. 4, has been developed and it is believed to have reached 
a stage of perfection. This instrument uses the same meter- 
ing system but adds a gas producer, a priming chamber and 
a thermostat. 

Under all conditions of operation the heavy fractions pass 
through the fire screen U by gravity, over the distributer 
C into the combustion chamber Q and are there ignited by 
the spark plug which is in series with one of the cylinder 
spark plugs, or may be supplied from a special distributer. 
There is formed a continuous downward flame, and partial 
combustion takes place, because the suction through the gas 
flue Z puts the flame out before combustion is complete, de- 
livering a fixed inflammable gas above the throttle. The heat 
developed by the gasification of the heavy particles of fuel 
causes a rise in temperature of the floor of the mixture 
passage L, the walls of the gas flue Z and adjacent parts, 
vaporizing the lighter particles of fuel, so that the resulting 
mixture is composed of vaporized fuel, free car- 
bon, fixed gas, a certain percentage of inert 
gases and steam. The throttle is provided with 
a notch O, into which a square plug M, operated 
by the thermostat capsule N, is projected by 
action of the heated mixture, which is forced 
to flow about the capsule N, thereby regulating 
the opening of the notch O to control the draft 
through the flue Z when the motor is idling, and 
thus regulate the idling temperature. 

With the throttle wide open the draft through 
the flue Z is an induced draft, brought about by 
the elbow of the main mixture passage, the 
obstruction offered by Z, etc. The idling tem- 
perature is limited to something under 235 deg.; 
the load temperature varies according to the 
motor and other conditions, from 235 deg. down 
to 160 deg. In other words, the temperature is 
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highest with the lightest load and lowest with 
the heaviest load. The by-pass V takes air 
relatively free from the heavy fuel mixture, ou: 
of the upper part of the mixture passage L, 
and compensates for the tendency of a large 
portion of the fuel to flow into the fire box 
when starting cold or in cold weather. Also, 
it furnishes relatively clean air to maintain a 
higher rate of combustion under those con- 
ditions, while in warm weather the heat travels 
up into the mixing chamber X, and some of 
the lighter particles of the fuel will be vapor- 
ized and pass through V, smothering the fire. 
Thus the apparatus inherently compensates, to 
a great degree, for changes in temperature and 
changes in the end points of the fuel. 

It is started by means of a gasoline primer 
in the chamber E. At the top of this chamber 
is a large hole which overflows when priming 





cold, and a puddle of gasoline will form under Fig. 

Z. With the throttle closed and the plug M 

withdrawn, the engine is sure to. get a good 

mixture for starting. Gasoline continues to feed, at a 


reduced rate, for a short time, until the cup E is empty. 
However, the instant a spark occurs in the combustion 
chamber, there are formed a fixed gas and heated vapors 
that will operate the motor in the coldest weather. Starts 
have been made at 16 deg. below zero, which permitted of 
putting the motor to work immediately, and within the 
short distance of a city block full power on kerosene was 
obtained. It starts on a kerosene prime from D when hot 
and a few drops of gasoline from F when warm. The in- 
verted cone B is of a refractory cement, practically in- 
destructible. The small threaded rod standing in the flue 
Z has a vertical movement of about 1/16 in. and under the 
suction and the jar of the road, moves around in the flue Z, 
removing any carbon which may collect in the flue. 

This offers an instrument for handling any water white 
fuel from gasoline through to kerosene, with no change 
in the instrument other than adjustments of sleeve G, with 
a change in the viscosity of the fuel, except that in warm 
weather when running on gasoline the spark plug in the 
combustion chamber should be short circuited. The instru- 
ment then becomes a gasoline carburetor. 

With this instrument ideal manifolds are not necessary, 
but are an advantage. It can be started to work immediately, 
which is more than can be said of present gasoline equip- 
ments, when cold weather conditions are considered. 

The pressure of a certain percentage of inert gases (car- 
bon dioxide, carbon monoxide and methane) in the mixture 
will obviate pre-ignition under compressions which with any 
other method of heating kerosene would cause serious 
trouble. 

When operating at extremely low speeds under small 
throttle, the thermal value of the mixture is lowered, be- 
cause a very large percentage of all the fuel is drawn 
through the fire box and converted into fixed gases, but 
as the throttle is opened up, the thermal value of the mix- 
ture increases. The all-around average result on many com- 
mercial installations indicates an average of one-third less 
kerosene used than with gasoline. This, of course, is due 
to better distribution to all cylinders and a uniform per- 
formance on a thin mixture, as well as to a slightly in- 
creased thermal value of the fuel used. Some block tests 
have been made in which the horsepower exceeded that ob- 
tained on cold gasoline, under the same conditions. This was 
undoubtedly due to the fact that the distribution to the cylin- 
ders was very materially improved. 

An entire change of the character of the mixture occurs 
with extreme changes of atmospheric temperature, for in 
extremely cold weather, no doubt, a very large portion of 
the fuel passes through the fire box all the time, because it 
simply is metered by the chamber X and not broken up to 
any extent, and probably this fuel, passing through the fire 
box, is cracked to a certain degree to some lighter fractions, 
as it has to pass through the flame zone. Also, during cold 
weather a very persistent fog is created by these vapors of 
fuel, which pass through the flame zone and are delivered 
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3—Side outlet carburetor for 
use with block motors 


Fig. 4—Ensign fuel converter 


above the throttle, by contact with the colder mixture, 
around the outside of the flue Z. 

The apparatus has been in continuous operation for over 
two years. Throughout this period the motor was in better 
condition, with less repairs than with any other method of 
carburetion, and within the last six months it has been 
possible to operate without unusual attention being given the 
converter. 


going 


Odd Ways of Starting Gas Engines 
By Jack Hiscock 


OT every motorist as he presses his starter pedal, stops 

to think how fortunate he is that the process of crank- 
ing the engine has been so simplified for him. Electric 
starters were developed because the old method of cranking 
by hand proved intolerable. Yet, hand starting of an auto- 
mobile engine is child’s play compared with the methods 
necessary to start some other types of engines. 

When a tractioneer starts the engine of his big cater- 
pillar, he fits a bar into one of a series of sockets in the 
engine’s flywheel and rocks the engine up to compression. 
No one can spin these monsters. Rarely can they be rocked 
past compression, but are usually rocked backward up to 
compression, where, thanks to generous priming and a hot 
spark, they usually fire and the wielder of the pinch-bar pulls 
it from the darting socket hastily. 

The petty officer on a submarine chaser relies upon com- 
pressed air to start his unwieldy engines. He, too, must 
prime copiously and has the additional responsibility of an 
auxiliary engine, hand-started to pump the air. 

A most picturesque but risky method is ordinarily used to 
start airplane engines. The mechanic shouts “Off” as he 
approaches the propeller and is answered in kind by the pilot 
at the switch. He then spins the great wooden blades by 
hand to charge the cylinders with gas. Having worked up 
a warm perspiration, even on the frostiest mornings, he 
springs clear and shouts “Contact!” The pilot indicates that 
he has closed the switch by repeating the signal and the 
mechanic once more approaches the propeller. Gingerly this 
time, however. With a single swift motion he twirls the 
blade through an are of more than 90 deg. and steps quickly 
away from and to the side of the murderous whirling stick. 

A 150-hp. engine is about all anyone but a Samson can 
swing. When heavier engines, culminating in the 400-hp. 
Liberty, made their appearance, new methods had to be 
devised. At first the blade was pulled over compression by 
running past it and giving it a smart pull in passing. Some- 
times two men with hands joined were required. As many 
as three were required to do the preliminary “winding up” 
or charging. Owing to the weight and complication, electric 
starters were not considered seriously, but an auxiliary mag- 
neto was made use of to produce a shower of sparks in the 
cylinder under compression.—JacKk Hiscock, Splitdorf Elec- 
trical Co. ° 
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Engineering Comment on Pertinent Questions of Design 


(Continued from page 1255) 


close as possible to the cylinder walls and have arranged 
the gas passages as free from bends as possible. This has 
given very gratifying results, even in the lower speed 
range. 

I am not in favor of a piston speed above 1500 to 1600 
ft. per minute on account of the lack of time necessary 
to vaporize the fuel at higher speeds. With low-grade 
fuel the time available for vaporizing, compressing, and 
exploding it is too limited to permit combustion of the full 
charge, and necessarily part of the gas stays in the 
cylinders in the raw state and filters into the crankcase 
by the piston rings, thereby cutting the quality of the oil 
and causing bearing troubles. 

The Pistons 


I think the hour-glass type of piston and the broken 
wall piston will have a restricted use, as, for instance, in 
flying machine motors or racing motors, but I cannot 
see how anything but the full cylindrical type can be 
used in the everyday motor. Everyone must realize that 
in the gas motor, the piston is not quite as well guided 
as in the steam engine and, therefore, the bearing of the 
piston into the cylinders must be made long enough to 
insure a perfect joint and a compression chamber abso- 
lutely tight. As the film of oil, which is between the 
wall of the pistons and the cylinder, plays a great part 
in gaining that object, it must not be broken in the length 
of the piston in order to have the greatest efficiency. 
There is also the trouble known as piston slap, and this 
can be avoided only with a piston bearing as long as 
possible and unbroken. In fact, I think that we could 
have better motors to-day if we would lengthen our pis- 
tons slightly instead of trying to shorten them. At least, 
it would give the motors a great deal longer life. 

My experiments with the different types of aluminum 
pistons have not convinced me yet that it is the proper 
piston to use in a motor. Neither the heavy type nor 
the die cast aluminum piston has been proved satisfac- 
tory, and especially since, with the fuel we are using, we 
must prevent, by all possible means, the passing of the 
raw gas by the pistons into the crankcase, the aluminum 
piston is certainly at a great disadvantage as compared 
with the cast-iron piston. For limited service in specially 
built motors for racing cars and flying machines, I con- 
sider the aluminum piston a necessity, but for continuous 
and heavy service, nothing has yet appeared to take the 
place of a well-designed cast-iron piston. 

I cannot see any chance for a radical change in the 
transmission. I think that a great deal of the noise 
caused by the meshing of the first and second speed gears 
could be avoided if the transmissions were designed with 
wider and heavier bearings, also with heavier shafts, 
avoiding the deflection of the shafts under load. The 
practice of making secondary shaft gears and their shaft 
revolve together on two outer bearings should be aban- 
doned, because the load is applied only on one point and 
has a tendency to bend the shaft and, of course, makes 
the gears run out of true, thus causing some noise. The 
best plan is to have the countershaft gears in one unit 
revolving on a fixed heavy shaft. This tends to elimi- 
nate any chance of deflection and to distribute the load 
evenly along the full length of the shaft. The gears will 
run smoothly and noise will be eliminated. 2 


Rear Axles 


I do not think that the rear axles are too strong on 
any car. Some of them might be too heavy and some 
better design, no doubt. can be evolved which would 


reduce the weight and make a better axle. But in my 
opinion the rear axle of the average car could be made 
stronger and better by using larger bearings, also a 
higher grade of steel for the shafts, and a special heat 
treatment of the steel tubing, permitting the use of a 
lighter section with a high elastic limit. An electrical 
treatment of steel tubing has been devised recently which 
increases the elastic limit of the tubing by 100 per cent 
and, no doubt, this could be used in making a rear axle 
stronger and lighter at the same time. 

In my opinion the great majority of cars on the mar- 
ket have very poor brakes. The reason, I believe, is that 
we apply the braking power on the slowly revolving rear 
wheels with less effect than if we applied the power to 
the transmission shaft revolving -at a high speed. No 
doubt the reason for putting the brakes on the rear 
wheels has been that most of the automobile plants of 
this country are located in flat country, where designers 
do not have the opportunity of trying the cars on moun- 
tain grades. If some of the automobile factories were 
located near the Rocky Mountains, no doubt we would 
have better brakes because, in testing the cars, the engi- 
neers would find that the present brakes would not take 
a car down a grade seven or eight miles long without 
burning the motor and having to brake with the motor. 
Foreign cars are better than ours in this respect, for 
most of them are used on mountain roads, and as far 
back as 15 years ago their designers had studied the 
brake question and had transmissions with the brake 
drum flanged to permit the cooling of the drum by water. 
—E. Planche, Chief Engineer Dort Motor Car Co. 


By John Wilkinson 


Super-induction charge for the purpose of ramming 
an excess charge in the combustion chamber is utterly 
futile. It makes the car heavier, it consumes more gaso- 
line per mile, it increases the cost and the complication. 
The economy is less because super-induction, on account 
of the increased mean temperature, cannot be used with 
as high compression as is used in the ordinary four- 
cycle engine. It, therefore, follows that the thermal 
efficiency will be lower. Also, on account of the higher 
mean temperature, more radiator will be required, the 
exhaust pressure will be higher and more muffler will be 
required; and, too, on account of the same high mean 
temperature better exhaust valves will be required. 
Added to this will be the complication of a means for 
super-induction. 

For a given horsepower, although the mean effective 
pressure is raised, there is no reason to look for more 
horsepower per pound of weight. Therefore, as first 
stated, the automobile will be heavier, more costly and 
less efficient. 

In regard to pistons I can see no field for heavy alumi- 
num pistons in small size cylinders, because weight limits 
the speed. Die-cast pistons are very successful in them- 
selves. 

The Riccardo type, with guiding and sealing elements. 
may find a considerable field in stationary practice, but 
in automobile practice, where high speed and light weight 
are necessary, this type would seem to be impossible. 

From transmissions he has seen the writer believes it 
is quite possible that within a few years such improve- 
ments will be made in grinding gears that we may expect 
to get a commercially satisfactory transmission. I have 
already seen some special transmissions which are so 
much better than the average that they would seem to 
be good enough if used as a standard. 
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Most all rear axles are too heavy and when the de- 
signers appreciate the disadvantages of this weight, they 
will have no trouble in producing a reasonable weight 
axle. 

I am a thorough believer in the transmission brake as 
a foot brake for general service. The advantages in 
having one brake on the transmission and one brake on 
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the rear wheels, so as to remove as much weight from the 
rear axle as possible, should be evident. This results in 
better diffusion of the heat in braking under severe con- 
ditions and furnishes a foot brake for general service 
which, when applied quickly under high speed, will not 
throw the car into the ditch—John Wilkinson, Vice- 
President H. H. Franklin Mfg. Co. 


Tractor Design Problems 


By L. L. Cass 


I do not think it logical to restrict intake passages to 
govern the performance of a tractor engine. Why build 
for power that cannot be used? The logical method 
would be to apply to a tractor an engine with 25 per cent 
surplus power, which would be avaliable in extreme con- 
ditions. Make an engine as efficient as possible and so 
powerful that, except under extreme conditions, there is 
always reserve power. When this is done, engine trouble 
will be reduced to a minimum. 

Comparative results obtained with both splash and 
pressure lubrication, which I have observed personally, 
prove conclusively to me that pressure lubrication is 
absolutely necessary, the most practical pressure being 
25 to 30 lb. at 1000 r.p.m. of the engine. Positive appli- 
cation of lubricant is the only way to be sure of accom- 
plishing the desired results. 

The wise tractor owner is the one who insists upon 
using gasoline instead of kerosene. Many good kerosene 
burning equipments are on the market, but with the best 
of them there is found to be considerable crankcase dilu- 
tion, more so than with gasoline. While kerosene is 
cheaper than gasoline, lubricating oil must be changed 
more often, bearings must be watched more closely and 
better performance can be obtained by the use of gaso- 
line.—L. L. Cass, Chief Engineer, Parrett Tractor Co. 


By H. L. Horning 


If the passages are restricted for the purpose of elimi- 
nating the governor, I do not think it will be satisfac- 
tory. The farmer demands a tractor with a governor. 
All engines have restricted intake passages whether they 
are served by a governor or not. No doubt these re- 
stricted intake passages save many engines from un- 
timely destruction. 

I think pressure lubrication will be satisfactory when 
it is better understood by the manufacturer and the user. 
At present the splash is the most satisfactory system. 
Nothing can take the place of design and good workman- 
ship in bearings, nor can lubricating oil be expected to 
cover the defects of a bad system of lubrication. 

The common method of lubrication is splash, in which 
the level is established by overflow dams. Another form, 
and the most reliable, is the splash system in which the 
oil level in deep troughs is correctly maintained, irre- 
spective of the inclination of the engine. The oil pump 
capacity in pumping the oil into the troughs is just equal 
to the capacity of the scoops to throw the oil out. Inas- 
much as the oil pump capacity varies with the speed of 
the engine, and the rod scoop capacity the same, the level 
of the oil is constant. 

Force feed through a hollow crankshaft is a well-known 
and high-class system. It has not been widely adopted 
because of the difficulties with leakage of oil under pres- 
sure, both past the piston and rings and at the crank- 
shaft, and because of the unusual workmanship required 
for the pressure maintenance. In both the above men- 
tioned systems old oil is pumped over and over, and this 
leads to bearing troubles. 


Lubricating oil is little understood even by the refiners. 
Most tractor oil is so loaded with the heavier portions 
that under high pressure and temperature under the 
piston heads and walls it breaks into lighter oils, carbon 
and tars. Added to this, many engines suffer from dirt, 
dust and sand which enter either at the carbureter or 
breather. Taken together, the oil in the crankcase of an 
engine in use for a month, with either the splash or com- 
mon force-feed systems, is usually a bad mixture and en- 
tirely unfit for lubrication uses. 

With the force-feed system, unusual care must be taken 
to strain and settle all grit or dirt out of the oil, or it 
will cause unusual damage to journals and bearings. No 
such care is necessary with the splash system, as it seems 
to develop the least difficulties with dirty oils. With clean 
oil, well filtered and of good body, the force-feed system 
works exceedingly well so long as the bearings are in 
good adjustment. A surplus capacity of oil must be avail- 
able at all times, so one or more loose bearings will not 
starve other bearings. Unusually good piston and cylin- 
der fit must prevent overoiling of cylinders when rod 
bearings are loose. 

The ideal system, if expense and care are no object, is 
the force, feed of fresh oil to crankshaft bearings and 
cylinder in exact quantities. So far as results are con- 
cerned on the surfaces, bearings lubricated by this 
method are not only the most economical in oil consumed, 
but also insure the longest life to both journals and 
bearing surfaces. 

This brings us to the effect of heavy fuel on the bear- 
ings of tractor engines. Incomplete vaporization leaves 
heavy fuel unburned, incompletely burned and decom- 
posed on the walls of the cylinder and combustion cham- 
ber. Under the action of high heat the fluid residue 
flows down the cylinder and past the rings, through the 
oil drain holes so commonly used, into the crankcase. 

The products of complete and incomplete combustion 
found in crankcase oil range in hydrocarbons from 
formaldehyde to sugars. They include acetone, alcohols, 
sorghums, formic acid and a list of disinfectants vary- 
ing in constitution according to the circumstances of 
combustion. This mixture, taken together with the solid 
contents mentioned above, constitutes about the worst 
lubricant a cylinder and bearings could have. The lower 
crankcase is the catchbasin for the by-products of im- 
perfect combustion process. It is the main sewer for 
decomposing body fillers of our poorly compounded lubri- 
cating oils. It is the settling basin for steel, iron and 
bearing particles which slough off into the lubricants, 
and the crankcase with ifs oilpan forms the dustpan of 
the self-appointed air cleaner which duty every engine 
takes upon itself. 

Taken from an unbiased standpoint, have engineers 
in tractor engines of to-day finally arrived at about the 
worst lubricating conditions possible? Is there any de- 
vice which would permit more fuel to get into the lubri- 
cant than our present design of oil scraper piston? 

The man was a great philosopher who said, “Tractor 
engines work in spite of the designers and users.” 

The heavy fuel and by-products of combustion appear 
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to have bad effects on steel journals and bearing mate- 
rials. In England some practical men, and engineers as 
well, consider an engine “done for” ‘if it is once thor- 
oughly saturated with some of the fuel compositions. 

Economic factors impose the splash system, in its most 
thoroughly worked out form, as being a good stand-by 
under all circumstances. Most men understand it best, 
or, to be frank, pay least attention to it. As an all-around 
system, it takes care of itself better than any other. 
The ideal system of fresh oil to all points is perfect, 
theoretically, but the complication and details, together 
with thickening of oil in cold weather, make it hard to 
introduce. The force feed through the crank will be- 
come widely used when manufacturers and users know 
more about it. 

Bearings suffer under heavy fuel conditions due to the 
high pressure of detonation and preignition. Preigni- 
tion can be controlled by design, as will be noted under 
cylinders, pistons and rings. Both preignition and de- 
tonation are limiting factors of our modern fuels. 

It has been our policy to frankly state to our custom- 
ers just how well we can burn kerosene, its limitations, 
and wherein it is not as good as gasoline. We have in- 
fluenced a number of customers not to put on the kero- 
sene equipment, convincing them that the decrease in 
the cost of the fuel per gallon did not make up for the 


loss in horsepower and less work done in a day.—H. L. 
Horning, General Manager, Waukesha Motor Co. 


By R. O. Hendrickson 


I believe in governing or limiting engine performance 
by a combination of three factors, as follows: 

First—traction. 

Second—piston area. 

Third—restriction of intake passages. 

In regard to splash oiling system vs. pressure, this de- 
pends principally on the size and revolutions per minute 
of the engine, the splash being more suitable for high- 
speed engines and the pressure absolutely essential for 
engines where the piston walls are at a greater distance 
from the crank. The splash system is much simpler. 

I believe that where an engine is designed for the 
use of kerosene fuel, it is quite as satisfactory as gaso- 
line, except for the additional attention required in 
starting. An internal combustion engine to use kerosene 
as fuel must be designed throughout with this in mind. 
An engine of the T or L head type, with large areas in 
the combustion space, is not very suitable for burning 
kerosene oil; on the other hand, an engine with a com- 
pact combustion space, with proper carbureting attach- 
ments and manifolds, is quite satisfactory —R. O. Hen- 
drickson, Chief Engineer, Wallis Tractor Co. 


Duralumin for Metal Airplanes 


N a recent paper presented to the Royal Aeronautical 

Society of Great Britain, Dr. A. P. Thurston asserted that 
wood construction of airplanes would give way to metal con- 
struction on account of the all-round superiority of certain 
metals, notably steel and duralumin. As compared with 
steel, duralumin has many advantages and a few disadvan- 
tages. Weighing only one-third as much as steel, it follows 
that the various members may be, weight for weight, three 
times thicker than steel members. Hence the difficulty in 
overcoming local failure due to local flexure is greatly re- 
duced. Nevertheless, the perfection of a design can only be 
discovered by constructing it in steel, and it is thought that 
duralumin designs will be improved by adopting the princi- 
ples which have proved to be the only feasible ones in steel 
construction. 

A prejudice appears to exist in certain quarters against 
duralumin owing to the fear of corrosion. It should be 
stated that duralumin, unlike aluminum, is not acted upon 
by sea water, or affected by atmospheric influences, and 
experience in connection with airship work shows that dur- 
alumin, if properly varnished, is not affected by corrosion 
under ordinary conditions of service. Nearly every case of 
corrosion so far experienced in actual practice has been 
traced back to incorrect heat treatment, or to cold working 
after heat treatment. The heat treatment of duralumin, in- 
stead of being a disadvantage, as is often supposed, is in 
actual point of fact of the greatest assistance in the practical 
working of the metal. This heat treatment is carried out by 
placing the members to be treated in a bath containing a 
mixture of potassium and sodium nitrates heated to a tem- 
perature of 480 deg. C. In practice there is a fairly wide 
margin of temperature so long as 500 deg. C. is not exceeded, 
in which case there is danger of the metal being burnt and 
reduced to aluminum. The parts should be left in the bath 
long enough to be heated uniformly to the temperature of the 
path, the actual time allowed being five minutes in the case 
of small units up to several hours in the case of 3 in. bar. 
There is no danger in leaving it in the bath too long, provid- 
ing the actual temperature of 500 deg. is not exceeded. At 
the end of this time the article is removed from the bath and 
quenched out in water or non-acid oil. Immediately after 
heat treatment the metal is found to be in a very soft and 
plastic condition, and it may be pressed, forged, bent to the 
smallest radius, or in the case of drawn sections which have 
warped with the quenching, straightened without any fear 


of damaging the metal. The metal now commences of itself 
to harden up, and in about an hour’s time has reached about 
26 tons tensile strength, with an elongation of about 15 per 
cent. 

This process of hardening continues for a very long 
period, the strength slightly increasing at the expense of 
the elongation. Heating duralumin to 300 deg. C. and then 
quenching out anneals the metal, and it can then be worked 
in any way desired. In order to give it back its strength it 
is necessary to heat treat it at 480 deg. C., as explained 
above. In practice it is usual to anneal any duralumin part 
if a number of operations have to be performed, and on the 
other hand to heat treat before final operation if this ‘is not 
of too prolonged a nature, taking advantage of its abnormal 
condition immediately after heat treatment. An actual ex- 
ample of the value of this property of duralumin in slowly 
hardening up after heat treatment occurs when duralumin is 
used for rivets. If an attempt were made to rivet these up in 
the ordinary hard condition they would crack badly. By heat 
treating them, however, and using them immediately after 
this, a perfect job may be made while they are soft, and 
within a very short time afterwards they have hardened up 
to their full strength. 

If duralumin in the ordinary hard condition is bent to a 
small radius there is, as would be expected, a probability of 
incipient cracks developing on the surface of the metal at 
the bend. These cracks are the places where the corrosion 
begins. If the metal was properly heat treated before such 
bending no injury would be caused to the surface of the 
metal, and no trouble would be experienced from corrosion. 
Nearly the whole of the prejudice against the use of duralu- 
min is due to ignorance as to its properties with and without 
heat treatment. Sections cannot conveniently be drawn 
thicker than 0.2 in. Above this thickness the sections are 
extruded. It is advisable to use only solid drawn sections 
for the constructional purposes and designs should accord- 
ingly be modified to meet the limitations in the material. 

CCORDING to a French contemporary, American army 
motorcycles recently sold at auction in London brought 
prices above their catalog figures. 


HIRTY-ONE of the leading British accident insurance 
companies have so far issued a list of premiums for flight 
risk insuranee. 
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Tractor Design from the Operator’s Viewpoint 
(Continued from page 1311) 


The belt pulley should be where a man can either sight 
over it or set guide marks by stepping off from the belt 
as it lies on the ground. Also, the belt should clear the 
operator well so that he will not be caught or struck in 
tightening up on it. The belt pulley should not be lo- 
cated so that it may catch a man’s clothes when not be- 
ing used in belt work. 

Seat springs are apt to break, and if there is any 
chance of a man dropping in front of a disk or other 
load, a safety basket should be provided. Considerable 
improvement might be made in the operating position 
it is necessary for the operator to assume. A padded or 
a cushion-back seat is too warm in summer, but saves 
a man from much jar. 

It should be borne in mind that an operator must be 
at his post all the time the tractor is operating and is 
unable to run all over the machine to make adjustments 
and to oil the various parts of the tractor. 

Care should be taken not to make individual parts, 
such as heads of a block motor, too heavy, as very often 
the operator has no facilities for lifting and has no 
helper. 

These remarks are not intended as a criticism of any 
one design, nor of designers in general, for the prob- 
lems involved in getting out a practical machine are not 
easy. Some of the operator’s requirements are much 
more easily stated than solved, but ‘the success of a 
tractor and its sale in any given neighborhood depend 
largely on the operator, and the easier it is made for 
him to keep going, the better he and the owner are satis- 
fied. Some operators may like to tinker with their ma- 
chines, but most of us are glad enough to leave them 
alone, unless some part is in need of attention, and the 
more easily that thing may be got at, the more likely it 
is to be fixed before trouble develops. In case of trouble 
the more accessible rig will get going the soonest; 
therefore, make your rig accessible. 


The Influence of Hitches and Drawbar Location 


on Tractor Design 
(Continued from page 1335) 


be provided with suitable hitches for tractor operation, 
and their further use should be provided for. 

I do not believe that a successful tractor will ever be a 
very good cultivator or vice versa, because the operating 
conditions and requirements, as well as the power de- 
mands are too different. Therefore, cultivating imple- 
ments and their attachments need not be considered in 
connection with the problem of tractor hitches. 

So much for the problem of tractor hitches and dra‘v- 
bar location as related to tractor design; doubtless there 
will be many to take issue with me on one point of rea- 
soning, and that is the point about which the moments 
of the various forces act. I have watched dozens of 
tractors in operation, seen them raise up and even turn 
over, and the rotation is always about the rear axle and 
not the point of contact between the drive wheels and the 
earth. 

In proof of the reasoning employed, make of yourself 
a tractor in the following way, and note the reactions 
in your own body. 

If you stand with the body bent forward at the hips, 
with a wooden square representing the tractor frame- 
work hinged upon a pipe or rod strapped across your 
back at your hips, and attempt to drag a load hitched 
ontv the lower end of the wooden square, you will ob- 
serve that the forward end of the horizontal arm of the 


square presses heavily downward upon your back, and 
that the harder you pull the more the tendency will be 
for you to want to straighten up. This corresponds ex- 
actly to the forces at work in a tractor, showing that the 
greater the resistance (or drawbar pull) becomes, the 
greater the effort becomes to overcome this resistance, 
and, therefore, the greater the tendency to raise up at the 
forward end. 

As the framework corresponds exactly to the wooden 
square, and is hinged about the rear axle, it is evident 
that it cannot rotate about any other point. 

Some engineers claim that at the time the tractor over- 
turns it becomes practically a locked or rigid mechanism. 
If this were a fact the drawbar pull would suddenly have 
to become an active force in place of a reactive force in 
order to overturn the tractor, and this, of course, cannot 
happen. 


Waterproof Plywood for Airplanes 
(Continued from page 1333) 


ting veneer has very little effect on the strength of the 
plywood, but that the plywood made of sawed veneer is in- 
clined to warp ess than the plywood that is made of sliced 
or rudely cut veneer. 

An extensive series of tests on glued and riveted joints 
in plywood was completed. Joints of various types were 
made, some of which extended through a single ply only, 
while others extended through the entire plywood thick- 
ness. The tests show that the tubular rivet gives the 
most satisfactory results in riveted joints and that there 
is very little difference in the strength of joints made of 
various sizes of rivets, provided that the most effective 
spacing and margin is used of each size. The scarf joint 
extending through the entire plywood thickness was rec- 
ommended in preference to the riveted joint, because it 
gives a considerably higher efficiency. A scarf having a 
slope of from one in twenty to one in thirty was found 
to be very satisfactory. 

Tests were made to determine the proper conditioning 
for plywood which is to be bent in double curvature. A 
special mold was prepared for this purpose, but the tests 
made are still too limited in scope to draw any conclu- 
sions. 

Machines were devised for determining the vibrational 
strength of plywood and the relative toughness. The 
tests made to date are still too limited in number to draw 
conclusions. 


Matthews Full Automatic Lighting Plants 
(Continued from page 1315) 


turn through a certain angle and is then held from 
rotation by an adjustable stop on the dial. If now 
the current through the relay should be reverse, as 
in cranking the engine, the relay hand moves slowly 
in a clockwise direction until it comes up against the 
contact point. This completes the circuit of the 
breaker trip coil, which latter neutralizes the hold coil, 
so that there is no resulting pull, and the breaker 
armature is released, thereby opening the circuit be- 
tween the battery and the generator. Thus, after a 
fixed period of cranking the engine, which is generally 
about 2 min., if the engine fails to pick up its cycle 
the generator is automatically cut off from the battery 
and no undue amount of electric energy will be wasted. 

The normal position of the breaker is the closed 
position with the hold coil energized. If the breaker 
opens, all control circuits are dead, and all coils and 
relays in the released position, and the lights are cut 
off. 
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Ronee: Reutiletions 


NSTEAD of France and Great Britain ameliorat- 
ing on the question of import restrictions and 
the import duties to follow the removal of restric- 
tions, the present sentiment in both countries to 
protect their respective industries is increasing. 
The reason lies in the fact that for many years 
America used its high tariff wall of 45 per cent 
against European manufacturers, and now these 
European makers do not especially cherish the sug- 
gestion from America that import restrictions 
should be removed and low import duties levied. 
The probability of the removal of the British im- 
port restrictions September 1 is not so bright as it 
was a month ago. The 9 months of import restric- 
tions do not seem sufficient for the British manufac- 
turer, who has been somewhat slow in rearranging 
his business after the war, although perhaps not 
open to criticism, as the work of re-arrangement has 
increased as months have passed. 


France has frankly stated that her manufac- 
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turers are capable of caring for the needs of the 
civil population in that the interests of the country 
must stand ahead of the interests of any particular 
industry. The civilian population may require more 
vehicles to-day than the manufacturers can furnish, 
but if throwing down the bars to America, because 
she has the vehicles at hand, would bankrupt the 
French industry, then the French Government is 
entirely rational in its view. 

America is to-day paying part of the price of the 
high tariff duty that has always been against the 
European manufacturer. 'The 10 years when Euro- 
pean makers had to meet the 45 per cent duty are 
not forgotten. As France puts it, after American 
makers have built up business behind a 45 per cent 
tariff protective wall, it is hardly good grace to tell 
France she should not have a high tariff protective 
wall to rebuild her industries after the war. If the 
protective wall was good for America in the early 
days of the industry, and up to the present, then it 
should be good for France to-day. Perhaps we were 
not so much concerned about giving our civilians 
cheap European cars 10 or 12 years ago as we are 
giving French civilians cheap American cars to-day. 

The best thing for the automobile industry in 
America is to have a healthy automobile industry 
in England, France, Italy and Belgium. It would 
be scarcely short of a calamity to have the French 
automobile industry bankrupt. The same applies 
to the British industry. Both of these countries 
have played a large part in the development of the 
industry. The British maker played it without a 
protective tariff. The French maker did it with a 
relatively low tariff. He has been the developer. 
We did it with a high tariff. Because of this we 
should attentively listen to the requests of France 
and England for the protection of their industries 
for a given period. 


As Japanese Do It 


OME American business men have expressed 

astonishment at the ability of the Japanese to 
gain and hold export trade. While the Americans 
knew there must be a reason, a good many of them 
apparently were not able to discover that reason. 
There are many reasons for the Japanese success, 
and one of them is set forth in the recent summary 
of foreign trade printed by the Guaranty Trust 
Company of New York. In the Japan report this 
review says: 

The Japanese merchants do not intend that their new 
found trade shall be lost, and with the assistance of the 
Government are making strenuous efforts to retain their 
place, and to remove any stigma of inferiority which, 
rightly or wrongly, may be placed upon their goods by 
foreign purchasers. In Australia, for instance, it is re- 
ported that the Japanese consul-general reports all com- 
plaints received direct to his Government, which in turn 
traces the defective product to the factory in which it 
was produced. In some cases, the consul actually guar- 
antees on behalf of his Government the quality of the 
merchandise. 

This would appear to be a very good foundation 
of a successful trade. Some reports have it that 
all American firms do not place quality first. 
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Tractor Rating 


HOSE favoring a revision of the existing tractor 

rating formula for belt and drawbar should not 
overlook the reason for a revision which seems to 
lie in the present chaos in the minds of the farmer 
and the dealer, brought about by over-rating of 
tractors and misleading conclusions as the result of 
manufacturers’ ratings. As an outcome of this, 
one state has legislated that its university would 
conduct practical tests and give ratings before trac- 
tors can be sold within its confines. Other states 
are taking different action. 

If it is these conditions which have brought about 
the present agitation for a revision of the rating 
formula, the new rating should at least correct pres- 
ent abuses and clarify the situation for the farmer 
and the dealer. The new rating will unquestionably 
be used as a merchandising argument. It will 
carry a stamp of official recognition and, as such, it 
must represent the power capacity of the tractor 
and should take into recognition superiority of de- 
sign and construction. 

The old rating, known as the S. A. E. rating, 
which rates a tractor at 80 per cent of its drawbar 
performance on a 2-hour test, and 80 per cent of 
its belt performance on a 2-hour test, should be 
satisfactory. The trouble is that it has not been 
lived up to. There is no camouflage in it. The 
tractor must perform and, following this formula, 
there is little danger of over-rating. 

A proposed formula bases the belt rating on the 
piston displacement of the tractor in connection with 
the r.p.m. and a constant 13,000. This has all of the 
earmarks of rating a tractor on a dimension basis. 
Piston displacement is merely a product of the 
cylinder dimensions. It has been known for years 
that the product of an engine in horsepower is not 
merely dependent upon cylinder dimensions. 

The development of internal combustion engines 
in the last 8 years has been along the line of higher 
efficiency as a means of increasing power, rather 
than increasing dimensions and hoping for an in- 
crease in power. Many engines have had their power 
vary without adding to the cylinder dimensions. In 
an internal combustion engine, power is the com- 
modity to be purchased and not cylinder dimensions 
or weight. The formula to be used as a criterion 


of power in merchandising a tractor should then 
primarily have regard for the power output rather 
than merely the displacement of the engine. The 
proposed rating gives the impression of rating on a 
tonnage basis rather than on a performance basis. 

The possibilities for sales reception with such a 
rating seem dangerously broad. With three engines 
of the same dimensions, there will be a different 
performance in each. Good design, careful work- 
manship, accurate inspection, and good materials, 
will give power in one engine. In another, the lack 
of these will result in loss of power. All three, how- 
ever, will be able to be presented to the farmer as 
equally efficient engines. The ratings will be the 
same. Here lies the merchandising danger. On the 
face of it, such a formula makes an imperfect rating 
the dominant official factor in a sale. Such a rating 
begins in a fallacy and ends in confusion. The 
fallacy is that while purporting to give a statement 
regarding horsepower, you do not in reality give 
the horsepower. The confusion is. that the con- 
sumer has no assurance from the dimension argu- 
ment that he is getting the horsepower he thinks 
he is. 

With this being the case, how can such a pro- 
posed rating correct the existing evil of uncertainty 
in the minds of the consumer and the merchandiser? 
It seems to be but another example of shifting the 
issue. There seems a special danger at this time 
of establishing such a rating in that we are un- 
questionably on the verge of developments in in- 
ternal combustion engines that will give the greater 
return on the fuel expenditure and a mere dimen- 
sion rating would not take anything like due con- 
sideration of such. It would seem to be merely 
befogging the tractor confusion to change the pres- 
ent rating and adopt the proposed one. 

There is only one way to measure horsepower, 
which is the commodity for sale, and that is by an 
engine test, as proposed in the existing S. A. E. 
rating. It is difficult to see any legitimate reason 
why any manufacturer should object to a rating 
based on the actual ability of the vehicle to per- 
form. With horsepower the commodity the farmer 
wants, let us get a rating that will give him a 
criterion of horsepower. 


Emigration and Machinery ~ 


ACHINERY, which will take the place of hu- 

man hands in performing arduous work, must 
be developed to a state far beyond what it has now 
reached. The demand for this machinery is becom- 
ing greater every day. The increasing rate of emi- 
gration taking away from these shores thousands of 
the foreign-born who were willing to man the pick 
and shovel is going to make it necessary to use ma- 
chines for operations far smaller than they would 
have been used upon a year ago. 


The loading time of the motor truck is so im- 
portant to its economical operation that contractors 
and fleet owners are watching this development very 
closely. When a machine cuts loading time from 20 
minutes to 2 minutes, it may be instrumental in 
saving thousands of dollars on one job. In fact in 
the excavation in Detroit for the U. S. Base Hospital 
No. 36, machine loading saved $15,000 on the ex- 
eavating work, and this was during wet weather. 
The saving of labor is even more significant. . 
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Court Limits Picketing 
of Overland Plant 


Defines It as “Act of Aggression” 
in Important Opinion Granting 
Injunction—Plant Opens Again 


TOLEDO, June 9—Aided by an im- 
portant court decision against picketing 
the Willys-Overland Co. will attempt to 
operate again this week. Vice-president 
and general manager Clarence A. Earl 
said to-day the gates would open to 
workers Thursday and if unable to do 
so at that time, they would open Monday 
at the latest. 

Federal Judge Killits has limited the 
number of pickets ‘to be on duty when 
the plant opens to 150, not more than 
50 to be on duty at one time and a maxi- 
mum of six to be stationed at a gate. 
The judge ordered that in event of dis- 
order, attributable to pickets, the privi- 
lege of picketing be abolished. Picket- 
ing is to be permitted from 6 a.m. to 
6 p. m., and a deputy U. S. Marshal is 
to be on duty at each gate to superintend. 
All gates used by workers, excepting 12, 
are ordered sealed. 

The pickets are required to wear large 
badges. Only citizens are to be used as 
pickets. They are not to be stationed 
within six feet of the gate. The injunc- 
Lion becomes effective at 2 p. m. Tuesday 
and runs until 10 a. m. June 19. 

The opinion is a sweeping one and sets 
a precedent which other courts may fol- 
low in similar strike cases. It brands 
picketing as an act of aggression and 
takes a definite stand against it. 

The Electric Auto-Lite Corp., Toledo, 
opened Wednesday, operating under an 
injunction issued by the United States 
Court last Friday, which limits picketing. 


DUNLOP OFFICIALS HERE 


NEW YORK, June 10—George du 
Cros, J. V. Worthington and F. C. 
Baisley, directors and executives of the 
Dunlop Rubber Co., England, are in this 
city. They are here to study conditions 
in the automotive and tire industries. 

Various rumors now circulating in re- 
gard to their plans are not to be taken 
too seriously, they state. The results of 
their investigations will be made known 
in due course in AUTOMOTIVE INDUSTRIES. 


MAXWELL-CHALMERS MERGED 

NEW YORK, June 12—The completion 
of the consolidation of the Maxwell- 
Chalmers plants awaits che action of the 
directors of these two companies. Mean- 
while the general plan of the merger has 
hecome known. The new company wil! 
issue 400,000 shares of stock of no par 


value, which will be distributed as fol- 
lows: Maxwell first preferred, 120 per 
cent; Maxwell second preferred, 60 per 
cent; Maxwell common, 15 per cent; 
Chalmers preferred, 90 per cent; Chal- 
mers common, 15 per cent. 

An issue of $10,000,000 notes converti- 
ble into common stock, will provide for 
the expansion of the new company. 
Other details are the subject of negotia- 
tions. The Maxwell-Chalmers Corp. has 
started construction on a_ $10,000,009 
manufacturing plant here. The plant, 
when in operation, will employ between 
15,000 and 20,000 men and will have a 
capacity of approximately 500 cars a 
day. The capacity of the present plant 
is 100 cars. 


A.A.A. Would Modify 
Federal Road Act 


ATLANTIC CITY, June 9—The Amer- 
ican Automobile Association, in annual 
session here to-day, indorsed the Federal 
Aid Road Act, now pending in Congress, 
with the suggestion that the act be 
amended to restrict the aid given from 
Federal funds to roads that are part of 
a well defined state system. It was also 
suggested that the Secretary of Agricul- 
ture be given authority to increase the 
aid given to 75 per cent in certain cases 
instead of the regular 50-50 plan. 

Progress was noted in the plans for 
unifying taxation laws, anti-thievery 
measures, effective hand signaling and 
road beautification. 

Mrs. Robert Lee Morrell, a New York 
attorney, was elected a vice-president. 
She is the first woman to _ hold 
office in the association. David Jame- 
son of Pennsylvania, was_ re-elect- 
ed president. Other officers are: Vice- 
presidents, Ralph W. Smith, Colorado; 
P. J. Walker, California; H. J. Clark, 
Minnesota; Clifford Ireland, Illinois; Dr. 
John H. Quayle, Ohio, and Dr. R. R. 
Elmore, Kentucky. H. A. Bonnell of New 
Jersey will begin his twelfth year as 
treasurer. John N. Brooks of Connecti- 
cut is again secretary. A. G. Batch- 
elder holds over as executive chairman. 


WILLS-LEE CANADIAN PLANT 


DETROIT, June 12—John R. Lee to- 
day said that he and Mr. Wills would 
build a large automobile plant in Sarnia, 
Ont. This plant will manufacture their 
new car and will employ about 2000 men. 
Sarnia is directly across the river from 
Port Huron. The Canadian plant thus 
will be directly opposite the American 
plant. The Canadian plant will not be 
started until the American plant is com- 
pleted. 


Detroit Labor Back in 
Production 


Factories Running in Spite of 
Labor Difficulties — Car 
Industry Not Affected 


DETROIT, June 10.—In spite of a 
street car strike with all cars idle, the 
labor situation is improving. The 1500 
Studebaker strikers at plant No. 3 are 
back to work. The issue here was not a 
matter of wages or hours but one of 
conditions. The strikers charged dis- 
crimination and asked for the reinstate- 
ment of certain discharged men. The 
men were not reinstated. 

The strike at the Timken-Detroit Axle 
Co. is entering its fourth week without 
sign of adjustment. The men are holding 
out for increased wages, readjustment of 
the piece scale system and shorter hours. 
Production at the plant reached a low 
ebb but the company is now getting back 
into operation on a fair scale. This strike 
has been peaceful. The police are provid- 
ing the company with plenty of protec- 
tion, 


Ford Workers Help Wadsworth I 


The Wadsworth Mfg. Co. is still run- 
ning after six weeks of strike. New men 
have been taken into the organization to 
replace those who quit their jobs. Dur- 
ing the first three weeks, production of 
Ford sedan bodies was cut to a minimum 
but during the last three weeks operation 
has been resumed in many departments 
and production is increasing. The Ford 
Motor Co. sent hundreds of workers into 
this plant when the strike was called and 
saved the day for the Wadsworth Co. 

The Foundry workers are very restless 
and a number of strikes in local foundries 
is hampering parts production. The De- 
troit Forge Co. workers are on strike. 
They demand a wage increase and an. 
8-hr. day. 


ORDNANCE FOR S. A. E. 


NEW YORK, June 12—Word has been 
received from the War Department that 
30 carloads of automotive war apparatus 
have been shipped to Ottawa Beach, Mich., 
for the summer meeting of the S. A. E. 
on June 23-28. The material sent in- 
cludes tanks with and without guns, 8 
trucks fitted for various furms of shop 
work, such as air compressors, power 
saw, drill press, etc. There are also 
various sized tractors, up to 10 tons and! 
some French guns. This equipment will! 
be in place for the meeting. 


The number of reservations to-day was; 
608. 
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Slight Prospect of 
Trade with Europe 
is Hanch’s Report 


Secretary of N.A.C.C., After 4 
Months Abroad, Has a Gloomy 
Export View 


French Remind Him of Our High 
Tariff on Their Cars Before 


War and Now 


NEW YORK, June 9—At present there 
is no indication what will be the atti- 
tude of the government of Great Britain 
toward removing present restrictions on 
the importation of automobiles after 


Sept. 1, 1919, is the opinion of C. C.°' 


Hanch, secretary of the National Auto- 
mobile Chamber of Commerce, after his 
4-months’ investigation of conditions 
in Great Britain, France and Italy, and 
after his attending a meeting of the 
automobile interests of the Allies in 
Paris, March 5 and 6, 1919. Mr. Hanch’s 
report was read to those present at the 
N. A. C. C. meeting here. 

The automotive manufacturers of 
Great Britain, France and Italy are in- 
sistent upon receiving absolute protection 
against the United States for a con- 
siderable period, say 2 years, and sub- 
stantial protection thereafter. They 
naturally have certain influences with 
their respective governments and unless 
public opinion intervenes, it is likely 
that import restrictions will be continued 
for a considerable period. 

According to Mr. Hanch there is a 
serious shortage of automotive equipment 
in these European countries and a great 
demand for motor apparatus, so that the 
existing restrictions are working hard- 
ship on the population. 

France takes issue with Mr. Hanch 
and asserts that the French manufac- 
turers are well able to furnish all the 
automotive equipment necessary for the 
French population, and does not take 
kindly to the requests that French re- 
strictions of importations be removed. 
They unqualifiedly declare that they can- 
not subscribe to any such plan for 
America selling automobiles in France 
as suggested, and further draw atten- 
tion to the fact that for practically 10 
years America had a 45 per cent ad 
valorem duty on French cars, while at 
the same time France was exacting an 
import duty of from 8 to 10 per cent on 
American machines. 

In the view of France, the treatment 
by America was hard and unjust and, 


to-day, it is but natural that the French 
manufacturers should urge the French 
government to apply to each of the 
Allies what those Allies think proper 
to apply to France. In a word, this 
means that if America applies a 45 per 
cent ad valorem duty on French products, 
then the French government should 
apply a similar duty on American 
products. 

The whole question was discussed at 
the conference in Paris, March 5, by 


.representatives of the automobile indus- 


try from England, France, Belgium, 
Italy and the United States, reports 
of which have already been published in 
AUTOMOTIVE INDUSTRIES. 

Mr. Hanch, in his report to the N. A. 
C. C., says that he pointed out the in- 
justice of import restrictions in a letter 
to the secretary of the French organiza- 
tion known as the Chamber Syndicate des 
Constructeurs d’Automobile. Fully 20 
per cent of Mr. Hanch’s report is taken 
up with his letter and the French reply 
and, from the latter, it is quite evident 
that the French do not coincide with the 
views expressed by Mr. Hanch as repre- 
senting the N. A. C. C. 

There was another conference held 
after March 5 in which French manu- 
facturers expressed a slight change in 
opinion and indicated that they would not 
advocate a continuance of the embargoes 
after July, 1919. It might be inserted 
here that since Mr. Hanch left Paris 
the French automobile manufacturers 
have recommended that, after the sign- 
ing of Peace, France will adopt a duty 
of 45 per cent on American automobiles 
until January, 1920, and after that date 
the duty will be 15 per cent. 


Favors Removal of Restrictions 


Mr. Hanch, in his letter to the Cham- 
bre Syndicale des Constructeurs d’Auto- 
mobile, talked in favor of France remov- 
ing restrictions because of the general 
shortage of automobiles in France, the 
inability of the French manufacturer to 
meet the demand and the strong demand 
on the part of the French industry for 
automobiles. He summed his conclusions 
under the following heads: 

1—There is a material shortage of 
transportation traction equipment for 
civilian use in all European allied coun- 
tries. 

2—The European manufacturer cannot 
supply the required amount of automo- 
tive equipment needed by the civilian 
population as soon as it should be pro- 
vided to permit the economical welfare of 
European allied nations. 

3—The manufacturers of the United 
States are in position to furnish a part 
of the automotive equipment needed by 





Rubber Imports Slow 
Up in May 


16,348 Tons Come in, Compared 
With 27,948 Last Month 


NEW YORK, June 11—Imports of 
crude rubber into the United States in 
May were oniy 60 tons ahead of the 
amount imported in the same month last 
year, a drop of 11,600 tons from last 
month’s figures. 

Comparative figures for the past four 
years, as compiled by the Rubber As- 
sociation of America, follows: 

1919 1918 1917 1916 

Tons Tons Tons’ Tons 
January 7,235 16,084 12,788 9,162 
february 14,079 138,108 10,162 1,597 
March 28,223 17,161 18,624 10,070 
April 27,948 13,425 13,000 10,014 
May 16,348 16,288 18,411 11,189 


the civilian population of the European 
allied countries. 

4—The needs of the civilian population 
of European allied countries will absorb 
the production of European manufac- 
turers as well as equipment which can 
be furnished by the U. S. A. 

5—Further delay in granting import 
licenses, or in removing embargoes, can 
only result in serious injustice to the 
European allied countries by preventing 
such population from securing its re- 
quirements as soon as needed and also 
by encouraging extortionate prices for 
second hand and other equipment. 

6—The earlier the trade relations be- 
tween all the allied and friendly nations 
are established the sooner will be the 
return to normal and economic conditions 
in all the countries. 

7—The early removal of embargo and 
the granting of import and export licen- 
ses is in the best interests of all nations 
concerned. 

That the French Chambre Syndicale 
des Constructeurs d’Automobile quite 
seriously objected to being told by Mr. 
Hanch what was best for the French 


- civilian population and what were the 


requirements, is indicated by the letter 
written by H. Cezanne, general secretary 
of the Chambre. The latter was couched 
in the typical French language which 
has suffered considerably in translation, 
but still indicates how very much France 
resented dictation from America as to 
what she should do for her own people. 
Undoubtedly France thought of the 
days when America put a 45 per cent 
duty against her products, and has re- 
tained it practically up to the present 
time, and wondered why America, whz 
(Continued on page 1371) 
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War Work Considered 
in Show Allotments 


N.A.C.C. Permits Manufacturers 
to Enter Production for 1919, 
1918 or 1917 


NEW YORK, June 11—War work 
was recognized in the drawing of spaces 
for the coming national automobile 
shows by the National Automobile Cham- 
ber of Commerce at the meeting held here 
last week. It was decided that the spaces 
should be allotted on the factory produc- 
tion for any of the three last fiscal years 
ending June 30. In other words, the 
manufacturer may elect whether he will 
enter his production for the year ending 
June 30, 1919, 1918 or 1917. 


The shows, as stated last week, will be 
held in New York at the Grand Central 
Palace, Jan. 3 to 10, and in the Coliseum 
in Chicago on Jan. 24 to 31. Coinci- 
dent truck shows will be held in both 
cities. The site of the New York truck 
show probably will be in the Twenty- 
Second Engineers Armory at 168th 
Street and Broadway. The Chicago 
truck show will be held in the Drexel 
Pavilion in the Stock Yards district. 

Two special sessions of future pos- 
sibilities were held in connection with 
the meeting of the N. A. C. C. One was 
the meeting with the representatives of 
the oil trade on Thursday night. At 
this meeting it was learned that the 
automotive manufacturers and the oil- 
men have been working without the mu- 
tual understanding that would be ex- 
ceedingly helpful to both. Especially 
was the forecast for truck production 
in 1919 as presented there a surprise to 
the oil-men. 


Export Managers Hear Hanch 


The second special session of interest 
was that of the export managers. They 
heard a report from C. C. Hanch, who 
has been studying conditions in Europe 
for six months past. In addition to his 
formal report, Mr. Hanch was kept on 
the floor for two hours answering 
questions. Preparations were made for 
special investigations of three develop- 
ments from this discussion, which prob- 
ably will have a direct bearing on the 
future trade. It was voted to broaden 
the foreign trade department of the 
Chamber. The showing was that the ex- 
port now is $125,000,000 of the total 
$1,300,000,000 automotive business. 

A constitutional movement to increase 
the number of directors of the Chamber 
from 15 to 18 members was originated. 

The following directors were re- 
elected: John N. Willys (Overland), H. H. 
Rice (Chevrolet), Roy D. Chapin (Hud- 
son), C. C. Hanch (Studebaker), and J. 
Walter Drake (Hupmobile). At the next 
meeting a constitutional amendment to 
increase the directorate from 15 to 18 
members will be offered to provide for 
further representatives of the truck in- 
dustry. At present there are five mem- 
bers of the truck industry on the board 
of directors. 
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THE FUEL CONFERENCE 


NEW YORK CITY, June 10—A so- 
called cabinet for the consideration of 
fuel problems was a result of the meet- 
ing Thursday night of representatives 
of the automobile industry and the pe- 
troleum industry to consider what should 
be done for the general good on the fuel 
situation. This cabinet of ten is ex- 
pected to outline the fuel problem and to 
guide the united efforts of the fuel peo- 
ple and the apparatus manufacturers in 
the right direction. This objective is to 
give a better fuel, and improvement, per- 
haps, in apparatus to handle the fuel, 
as engines and vaporizers. 

There was no dissenting view ex- 
pressed by either side on the subject. 
Both are united in their purpose to work 
together to this end. With many of 
the oil-men, there seems to be no fuel 
problem and some of them are apparently 
ignorant of the difficulties of properly 
handling fuels on the market. 

From an oil-man’s point of view the 
increased output of fuel is merely one 
of a broader use of the cracking process, 
which is gaining all the time, as wel! 
as the sinking of more wells. It seems 
impossible to produce a better fuel than 
we have to-day and produce it in the 
same quantities from a given amount of 
crude. If we want to increase the fuel, 
we will have to lower the standard. If 
we want to increase the quality it will 
be necessary to lower the volume. 

At present the fuel interests are well 
over-stocked with fuel oil and some of 
the refineries are closed down tempor- 
arily on this account. The dropping off 
in war demand has been the cause of 
this. 


PRICES OF ARMY TRUCKS 

WASHINGTON, June 9—The Sales 
Division of the War Department, fol- 
lowing its recent conference with the 
trade press and the industry with regard 
to the sale of surplus motor vehicles, is 
now fixing the prices and will soon cata- 
log them and send the catalog to the 
various district offices of the War De- 
partment. 

The trucks will be sold either by auc- 
tion for cash, or to the highest bidder on 
sealed proposals on due public notice, or 
at the current market price or by nego- 
tiations under competitive conditions, 
providing the price obtained is not less 
than that fixed by appraisal or is the 
highest of not less than three independ- 
ent competitive bids. The supply and 
condition will decide the methods chosen. 


WINTHER EXPANSION PLANS 


KENOSHA, WIS., June 9—The Win- 
ther Motor Truck Co., at a special meet- 
ing of the board of directors, June 11, 
will vote on the plan to issue $1,000,000 
of common stock, most of which will be 
taken by present holders. The proceeds 
will be used to increase the facilities 
and otherwise finance expansion. The 
present plant was erected a few months 
ago at a cost of $150,000 and a second 
unit of equal size is proposed. 
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Paris Show Will Be 
October 9-19 


Space Requirements Will Place 
Decided Handicap on Ameri- 
can Exhibitors 


PARIS, May 22—Oct. 9 to 19 inclusive 
have been fixed as the dates for the 
15th French automobile show, which will 
be held in the Grand Palais in Paris 
after a lapse of 4 years. This is the 
first automobile show to be held in 
Europe since the war and will inaugu- 
rate the series that will include London 
and Brussels. 

American exhibitors are at a disad- 
vantage compared with European com- 
petitors. One of the rules states that 
allied manufacturers can be admitted on 
the same footing as French makers, pro- 
viding they have taken part in at least 
three previous Paris shows, and also pro- 
viding that the import duties in their 
own country prior to 1914 were not 
higher than 15 per cent ad valorem. As 
the United States is the only country in 
the world having a duty higher than 15 
per cent, it is evident that this rule has 
been adopted entirely with the object of 
handicapping American exhibitors. 

The regulations state that foreign ex- 
hibitors who do not comply with these 
requirements will be given special spots 
decided on by the committee. This prac- 
tically means that they will have to take 
whatever spot may be available after 
everybody else has made a selection. 

When the war broke out in 1914, nu- 
merous firms had made a request for 
space and had, in many instances, de- 
posited the entry fees for the 1914 show. 
These firms will receive preferential 
treatment when space is allotted. 

No enemy firm can exhibit at the Paris 
show. 

Stands will be uniformly decorated 
and will be delivered completely equipped 
with signs, carpets, etc., ready for re- 
ceiving the actual exhibits. As in pre- 
vious years, a refund will be made to all 
exhibitors after expenses have been paid. 

The Grand Palais, which is the big- 
gest hall under one roof in Europe, if not 
in the world, has been occupied by the 
military during the war. It has just 
been released and is being repaired and 
equipped with the show in view. There 
is no doubt that every inch of space will 
be occupied. The president of the Show 
Committee is Baron Petiet, president of 
the French Society of Automobile Manu- 
facturers. Henri Cézanne is the general 
manager of the show. 

American manufacturers’ desiring 
space are recommended to apply with- 
out delay to 51 rue Pergolése, Paris. 


DETROITER CREDITORS TO MEET 


DETROIT, June 9—Creditors of the 
Detroiter Motor Car Co. will hold a final 
meeting at 117 Fort Street, west, on 
June 25 to pass on the trustees’ report 
showing property for distribution, etc., 
and offer for sale the balance of unpaig, 
accounts receivable. 
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Italian Factories on 


8-Hour Schedule 


Experiment of No Lunch Hour 
Fails—Strike of Foremen 
Serious 


TURIN, ITALY, May 20—AIl Italian 
automobile factories have been on an 
8-hr. day basis since March. The at- 
tempt has been made to run a single 
shift of 8 hours without stop for meals. 
This is still being done at the Fiat fac- 
tory, but it is recognized that the ex- 
periment is a failure. The seventh and 
eighth hours are not productive, and 
after working for that length of time 
it is impossible for the men to do over- 
time. 

In consequence Fiat will shortly 
change to four hours in the morning, 
two hours for the mid-day meal, and four 
hours in the afternoon. 

The Lancia factory also adopted the 
8-hr. day without a break, but has 
changed over to 8 to 12 and 2 to 6. The 
reduction from 10 to 8 working hours a 
day has been made without any diminu- 
tion in the weekly wage. On piece work 


an increase of 25 per cent has been 
granted. 

A strike which affected all Italian 
automobile factories has just been 


brought to a close after one month’s 
duration. The foremen and heads of 
departments, being dissatisfied with 
working conditions, left the shops. An 
attempt was made to run without these 
men, but it was not successful, and prac- 
tically all the shops had to close. 

Although an agreement was arrived 
at after 31 days, it is reported that the 
interruption has thrown the factories 
back at least two months. 


IN FRENCH TIRE FACTORIES 


PARIS, May 20—The 8-hr. day has 
been permanently adopted in the French 
factory of the Goodrich Tire and Rubber 
Co. at Colombes, near Paris. Owing to 
the shortage of coal, the work hours had 
been reduced on many occasions and, 
when the Government law was pro- 
posed, it was decided to make the 8-hr. 
day a regular feature. 

Arthur Lumsden, the director of the 
French Goodrich company, has adopted 
the plan inaugurated a few months ago 
by the neighboring Gnome & Rhone Co 
of having a break of only half an hour 
in the middle of the day for a meal. To 
do this it has been necessary to erect 
dining rooms, as the French laws for- 
bids eating in a building where work is 
carried on. 

While the 8-hr. day is well received by 
French workmen, the objection is being 
raised by their wives that the men have 
too much time on their hands and con- 
sequently spend too much money for 
drink. 

There is no doubt that the drop in 
France from 60 to 48 hours a week will 
raise social problems in which employers 
of labor must take an interest. When 
working 60 hours a week, a man’s time 
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was fully occupied in working, sleeping 
and eating. The French working man 
had few hobbies. Now that spare time 
has been thrown on his hands, there is 
danger of his misusing it, if not educated 
to better ways. 


ITALIAN EXPORTS 


TURIN, ITALY, May 10—Italy ex- 
ported 1867 trucks and 1071 passenger 
cars, having a nominal value of $9,068,- 
500, during the year 1918. 

This is a considerable drop on the two 
preceding years, for in 1917 the number 
was 8734 with a value of $22,995,761, and 
in 1916 it was 6463 trucks and passen- 
ger cars valued at $16,806,450. 

The decrease is due to the cancella- 
tion of army contracts. In 1916 and 1917 
Fiat alone was building from 60 to 100 
trucks a day, 50 per cent of them going 
abroad. This was cut down by about 
three-quarters when the armistice was 
announced. 

The number and value of exported pas- 
senger cars has increased, being 1071 in 
1918, compared with 702 in 1917 and 824 
during 1916. Although only two out of 
the twelve months of 1918 were under 
partial peace conditions, the returns in- 
dicate that Italy’s greatest activity wil! 
be in passenger cars rather than in 
‘trucks. 

Automobile imports were lower during 
1918, only 50 trucks and 30 passenger 
cars, valued at $161,820, being brought 
into Italy. 


PROGRAM FOR MECHANICAL 
ENGINEERS 


DETROIT, June 10—The spring meet- 
ing of the American Society of Mechan- 
ical Engineers, to be held here June 16- 
19, will have at least 22 papers, accord- 
ing to the present schedule. The first 
session will be largely taken up by the 
regular society business. 

Of particular interest to the automo- 
tive industry is the gas power session, 
which will consider the internal combus- 
tion field, including the Deisel and other 
types of oil engines, and the kerosene en- 
gine. Carburetion will also be taken up 
during this session. Another session will 
be on fuel economy, which includes 
papers on pulverized coal and fuel oil. 

Industrial relations will be treated by 
at least three speakers and probably 
others will be announced. This session 
will be on Tuesday afternoon. 

The production of Liberty engine parts 
at the Ford plant will be treated by W. 
F. Verner on Wednesday morning. 

A paper, “Crude-Oil Motors vs. Steam 
Engines in Marine Practice,” by J. W. 
Morton, one by D. L. Arnold, entitled 
“A Suggested Formula for Rating Kero- 
sene Engines,” and “Standards of Car- 
bureter Performance,” by O. C. Berry 
will be presented. 

Airplane subjects will be given atten- 
tion on Thursday, when there will be a 
paper entitled “Elements of a General 
Theory on Wing Design,” by Walter C. 
Durfee, also “Air Fans for Driving Elec- 
tric Generators on Airplanes,” by Cap- 
tain G. Francis Gray, Lieut. John W. 
Reed and P. N. Elderkin. 
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Used Cars at Premium 
in Italy 


Manufacturers There Putting Ex- 
port Trade First, While 
Imports are Barred 


TURIN, ITALY, May 20—There is a 
very strong demand throughout Italy for 
both trucks and touring cars. The fac- 
tories are unable to meet local require- 
ments, with the result that used cars are 
bringing fancy prices. The army ‘has 
not offered any of its cars for sale, thus 
tending to maintain the artificial price 
of used cars. 

The home manufacturers have noth- 
ing to fear, for automobile imports are 
prohibited. Indeed, in many cases Ital- 
ian manufacturers are more interested 
in exporting, in an effort to establish 
foreign markets, than in meeting the re- 
quirements of their clients at home. 

The result of this is that there is sharp 
competition for any used cars which may 
be put on the market, and in most cases 
used cars are sold considerably in excess 
of the prices asked by the factories for 
new models. As an example, a used 
Fiat 3%-ton truck can be sold for more 
than the Fiat Co. price for a new truck. 
Four-year-old Lancia cars are bringing 
as high as $12,000 at nominal rate of 
exchange. 

It is certain that the army is making 
a mistake in not placing its surplus 
trucks and cars on the market while the 
demand is great and the supply small. 
Within six months the factories will be 
producing in large quantities and the 
bottom will drop out of the second-hand 
car market. 

Lancia has decided to continue his 4- 
cylinder 30-hp. model produced before the 
war. The only material change is the 
adoption of the detachable cylinder head. 
This change has become general in Italy, 
for it has been taken up by Fiat, the big- 
gest producer, and also by Nazzaro, who 
is now preparing to build a high-class 
four with detachable head and valves in 
the head. 

Nazzaro has abandoned his original 
factory at Turin and is taking over the 
new works at Florence. 


ARMSTRONG-SIDDELEY NEW CAR 


COVENTRY, ENGLAND, May 27— 
The Siddeley-Deasy Motor Car Co., Ltd., 
will soon be known as the Armstrong- 
Siddeley Co., Ltd., and the car to be 
manufactured, as the Armstrong-Sid- 
deley. 

The new Armstrong-Siddeley car will 
use a six-cylinder engine, with overhead 
valves, in which aluminum construction 
will figure prominently. The cylinders 
will be 3% x 5%. Features to be in- 
corporated are spiral bevel axle drive, 
cantilever springs, disk wheels and elec- 
tric starting and lighting. Deliveries 
will begin in August. The price will be 
$3,300. The entire manufacturing ef- 
forts of the company will be concen- 
trated on one model. 








1366 


English Manufacturer 
Slow in Production 
Labor Troubles Blamed for Inac- 


tivity — Importers Want 
Duty Removed 


LONDON, ENGLAND, May 28—One 
cannot help but be amazed at the slow- 
ness with which the British manufac- 
turer is returning to normal business. 
Practically 50 per cent of the car mak- 
ers have not yet delivered a single car 
to the public, and there are scarcely 
more than four firms that are producing 
50 per cent of their pre-war output. The 
invariable excuse for the delay is labor 
troubles. 

British importers of American cars 
take the view that the only hope for the 
British automobile industry lies in the 
removal of the present prohibition. If 
the restrictions on imports were removed, 
the British makers would then have to 
make a determined effort for the busi- 
ness and would put up what is described 
as a real sporting fight. 

By Sept. 1, British manufacturers will 
have had 9 months in which to clean 
up after the war, and prepare to meet 
any competition, but the sentiment is 
growing that restriction of import may 
be continued after this date, and some 
take the view that there may be an in- 
crease in restrictions. At present it is 
almost impossible to get any united 
thought on the subject. The view is held 
that it will be necessary to have another 
general election in the near future at 
which time the whole subject will come 
up for review as a national issue. 

There is beginning to be heard in 
England an outcry against the intro- 
duction of a tariff under the governmeni 
administration without having the direct 
sanction of it from the voters. 

LONDON, ENGLAND, May 28—The 
difficulty of British manufacturers to 
get under way with production is ac- 
centuated by the uncertainty with regard 
to the price of coal. This is having a 
serious effect upon the industry. It is 
difficult to secure close prices for ma- 
terial. While there is a great deal of 
restless talk among labor, manufacturers 
generally agree that these will smooth 
out as time passes. 

Some factories under the 47-hour a 
week schedule which began Jan. 1 are 
turning out as much as they used to in 
the 53-hour week, with the :ame num- 
ber of workers. There are others who 
are having considerable difficulty under 
the shorter week, and at certain estab- 
lishments workers have refused to worl: 
on a piece basis and are working slower 
on the hour basis. Recently the wood 
working trade union forbade any piece 
work system in the future for its mem- 
bers. There are some factories in which 
this order is not being observed. 


TRUCK DEMAND HEAVY 


LONDON, ENGLAND, May 28—The 
demand for motor trucks is so far in ex- 
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cess of the supply that deliveries in 8 
weeks is the best that can be had for 
any standard British make of trucks. 

This delay in delivery is all the more 
important because the government is not 
handling the disposal of war trucks as 
was hoped it would. Officials in charge 
of selling war trucks seemed more de- 
sirous of getting high prices for individ- 
ual trucks than speeding sales and get- 
ting rid of the war supply. Although 
there are 20,000 trucks supposed to be 
ready for sale, many of them new, only 
500 or 600 per month are being released 
for public sale to consumers. Some of 
the dealers are endeavoring to buy from 
the government trucks of the make they 
handle, but it has not been possible to 
do so. 

In the meantime there are many auto- 
mobile parks where thousands of trucks 
can be seen half buried in mud without 
means of protection, and at the same 
time prospective owners cannot make 
purchases. 

This needless delay is largely due to 
the fact that the government is tied up 
with peace negotiations, and those in 
charge do not seem to have the business 
vision that the situation calls for. 
OPPOSES EUROPEAN BRANCHES 

NEW YORK, June 12—C. C. Hanch, 
who inspected the automobile industries 
in Great Britain, France and Italy as a 
representative of the N. A. C. C., is not 
much in favor of American automotive 
manufacturers establishing branches in 
Kurope at present. 

They would have no advantage be- 
cause import restrictions and high cus. 
tom duties apply to parts of vehicles, as 
well as to completed vehicles. 

It would be some time before Ameri- 
van manufacturers could install the 
necessary manufacturing equipment in 
Europe to go on a production basis, and 
by the time such factories were estab- 
lished, import restrictions would be re- 
moved and custom duties modified, so 
that exporting of the completed vehicle 
from America would be more desirable 
than the assembly of it in Europe. At 
present labor conditions in Europe are 
also unsatisfactory. 


War Department Surplus 


Vehicles Transferred 


WASHINGTON, June 12—The Direc- 
tor of Sales of the War Department this 
morning approved the transfer of the 
entire surplus of serviceable motor 
vehicles held by that Department to 
other Government departments, a total 
of 39,100 vehicles. This action leaves 
fewer than 1000 vehicles to be sold at 
public auctions. These are unserviceable 
because of design or for other reason, 
and will be available only for parts or 
junk. 


FORD STEEL ORDER 
NEW YORK, June 12—An order for 
150,000 tons of steel. with a possibility 
of an increase of 200,000 tons, by the 
Ford Motor Co. is announced by the U. 
S. Steel Corp. 
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“Liberty Fuel” Soon 
to Have Real Test 


One of Originators of Much Dis- 
puted Compound Says It Will 
Be Put on Market 


CHICAGO, June 7—Liberty fuel, the 
special motor and airplane product devel- 
oped by the Government for its war 
trucks and planes, and regarding which 
conflicting reports came from Washing- 
ton early in the winter, is to be put on 
the market in large quantities within a 
short time, according to former Major 
Zimmerman, who was instrumental in its 
development. Zimmerman made this 
statement in enlarging upon his theory 
that one of the greatest developments of 
the future in the automotive field would 
be the cnemical treatment of fue!s to in- 
crease their volatility and reduce the 
heat losses through cooling and ex- 
haust. 


The announcement of the marketing of 
Liberty fuel came in a discussion of a 
paper on “The Design of Intake Mani- 
folds for the Present Heavy Fuels” by F. 
C. Mock, engineer of the Stromberg Mo- 
tor Devices Co., presented at the June 
meeting of the Midwest Section, Society 
of Automotive Engineers, last night. In 
answer to a question as to conflicting re- 
ports of the value of Liberty fuel, Zim- 
merman said that road tests covering 
thousands of miles were made and that 
no undesirable features were shown. The 
varied reports, he said, were directly due 
to war conditions in Washington. 


In his paper on intake manifold design 


Mr. Mock discussed the necessities for 
proper carburetion, particularly the 
shape and heating of the manifold. He 


definitely advised against any attempt to 
heat the fuel in the float bowl of the 
carbureter, because in many sections of 
the country there are fuels which contain 
a percentage of very volatile elements, 
casing head gasoline being a sample. He 
gave it as his belief and hope that the 
time is coming when the service depart- 
ments of each responsible motor car and 
motor truck manufacturer will develop 
fittings and connections of this nature 
to replace the equipment of cars now in 
service. After the patterns and tools 
are once made the cost of production is 
low, and the application could probably 
be made in half a day, so that the com- 
plete installation should not cost over 
$10 or $15. 

Mr. Mock’s paper will be printed in a 
future issue of Automotive Industries. 


COMPLAINT AGAINST PREST-O-LITE 


WASHINGTON, June 10—A _ com- 
plaint alleging that exclusive contracts 
made by the Prest-O-Lite Co., Indian- 
apolis, are in violation of the Clayton 
anti-trust act has been issued by the 
Federal Trade Commission. Deposits 
required for the use of steel gas con- 
tainers are the basis of the complaint. 
The company is cited to appear July 24. 
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Ships, Investments, Parcel Post at 
Pan-American Conference 


Latin American Countries Anxious for Better Shipping Facilities with 
U. $.—Protection of Trademarks Necessary—Press Relations 


WASHINGTON, June 9—The imme- 
diate establishment of ample freight, 
mail, and passenger steamship facilities 
between North and South America, the 
necessity of investing American capital 
in South America, the elimination of un- 
necessary restrictions on parcel post 
shipments and the need for a well-de-, 
fined program for the protection of pat- 
ents, trademarks and copyrights in Latin 
America were the principal developments 
of the Pan American Convention which 
closed here last Friday following a 5-day 
meeting attended by more than 700 dele- 
gates. 

The Latin American representatives 
were particularly pleased with the an- 
nouncement by Edward N. Hurley of 
the U. S. Shipping Board, which told of 
the proposed establishment of great fleets 
of vessels between the U. S. and the 
southern continent. They stated that 
this is the most important requirement 
of the Latin American countries, and 
that the development of better shipping 
and mail carrying facilities will insure 
an expansion of the trade between the 
two continents. 


Parcel Post 


The need of new treaties between the 
U. S. and the Latin American countries 
providing for removal of restrictions and 
regulations on parcel post was mentioned 
by several speakers, including Frutos 
Plaza of Montgomery Ward & Co., who 
praised the increasing efficiency of the 
parcel post between the U. S. and Latin 
America, but decried the regulations ex- 
isting in Brazil and Argentine, which 
prescribed the use of customs brokers 
whose fees make the employment of the 
parcel post practically impossible. 

Mr. Plaza told also that the delivery 
by parcel post in South America had 
improved remarkably in the past few 
years, and cited as an instance a ship- 
ment made by his company of 300 par- 
cels to Bolivia, each under 11 lb. in 
weight to conform to the legal limits, 
and each of which arrived safely and 
promptly to its destination in the inte- 
rior of the country. 

The necessity for protecting trade- 
marks was illustrated by the examples of 
the Hupmobile, Renault, Pierce-Arrow, 
Fordson, and other well-known American 
trademarks, which have been registered 
or applied for by natives or European 
concerns, and which are consequently 
lost to the American owners. The coun- 
tries of Latin America, it was said, have 
furnished a particularly profitable field 
for the registration of trademarks by 
others than their originators for specu- 
lative purposes, and nearly every issue 
of the official bulletins of these coun- 
tries contains applications for trade- 


mark registration that are fraudulent or 
at least unauthorized. 

Manufacturers were urged to register 
their trademarks promptly. The cos: 
of registration was stated to be about 
$6 per country, per year. There have 
been no lawsuits conducted in any of the 
Latin American countries, they were 
warned, to recover a mark that has been 
stolen in which the cost has been less 
than the cost of registration in all of the 
countries in the southern continent com- 
bined. 


Press Relations 


The establishment of better press re- 
lations was predicted by Frank B. Noyes, 
president of the Associated Press, who 
told of recent arrangements just com- 
pleted whereby the largest South Ameri- 
can newspapers will for the first time in 
history take the Associated Press serv- 
ice. This, he stated, should insure a bet- 
ter understanding of the habits and busi- 
nesses between the two countries. More 
than 18,000 miles of cables have been in- 
stalled between New York and Latin 
America, according to John L. Merrill, 
president of the All America Cables, who 
cited this as another connecting link be- 
tween the continents. 

South American papers, it was stated, 
have been subscribing to the European 
press for news service and for this rea- 
son have been influenced against Ameri- 
can products and in favor of European 
commodities. Robert Barrett of the Bu- 
reau of Foreign and Domestic Commerce 
described the overation of the new press 
service between the U. S. and South 
America, stating that 3500 words a day 
are being sent over the cables, and also 
praised the branch of the Committee on 
Public Information, which was estab- 
lished in Buenos Aires during the war, 
and which he stated contributed three 
or four columns daily to the local news- 
papers, doing more than any other 
agency to acquaint the people with the 
progress of the U. S. 

In answer to the question, “Will the 
U. S. hold its export trade gained in 
Argentine during the war?” Mr. Barrett 
said that it will hold a great part of the 
business, but that we can not expect 
much business from Argentine for the 
balance of this year. 

Immediately after the armistice, he 
said, American manufacturers, who had 
been holding up orders to Argentine for 
many months, began to ship commodi- 
ties to that country, with the result that 
a surplus of supplies has been received 
there. He praised the establishment of 
the two American branch banks in 
Buenos Aires which now allow Ameri- 
can manufacturers to extend credits as 
freely as Eurovean competitors. He de- 
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scribed the banks as being very success- 
ful with deposits over $60,000,000. 

Eighty-eight American firms, he said, 
are carrying stock in Buenos Aires and 
are consequently in a position to meet 
any and all European competition. His 
statement that the Argentine Republic 
now regards the U. S. in a more friend- 
ly light than any other nation was re- 
peated by a number of Argentinian rep- 
resentatives, all of whom attributed this 
feeling to the motion picture business, 
which they stated has shown the Ameri- 
can progress and ideals to Argentine. 

The aid being given to industry by the 
business press of the U. S. was discussed 
by A. C. Pearson, president of the Asso- 
ciated Business Papers, who stated that 
the Webb-Pomerene bill, which “prom- 
ises so much for foreign trade in the 
United States,” was made possible large- 
ly by the co-operation of the business pa- 
pers. 

The business publications, he said, in- 
form their readers of possible markets, 
of all trade news, of new designs, of the 
progress of the industries, and extend 
important advice and criticism, besides 
also functioning as important encyclo- 
pedias of knowledge through their ad- 
vertising columns. 


Capital Inyestments 


Other discussions, including those by 
Charles M. Schwab, Frank A. Vander- 
lip, Senor Augusto Villaneuva of San- 
tiago, and Senor Julio Zamora, Financial 
Agent of the Bolivian Government, told 
of the need for re-organization of Pan 
American business and of the duty of 
the U. S. to invest capital in Latin 
America to further the industrial and 
commercial relations between the two 
nations and to provide funds whereby 
the Latin American countries can pay 
for their exports from this country. 

Other subjects discussed included the 
necessity of teaching Spanish in the 
schools of the U. S., the development of 
transportation in Latin America, the ex- 
tension of better credit facilities to Latin 
American buyers, the improvement of 
the administration of consular offices 
and the revision of tariffs. 

The next meeting of the Pan American 
Conference will be held in January, 1920, 
according to notice received from Presi- 
dent Wilson during the last Convention. 


CURTISS BUYS SERVICE PLANES 


WASHINGTON, June 6—The Air 
Service has sold to the Curtiss Aeroplane 
& Motor Corp. 1615 JN-4D airplanes 
without engines, and 1100 Standard J1 
planes without engines, for $2,272,000, 
which is 12 per cent of the original value, 
which was estimated at $22,500,000. The 
Air Service discontinued the use of the 
SJ-1 plane last summer. 


TILTON BELT REPRESENTED BY 
CASSIDY 
NEW YORK, June -11—Edward A. 
Cassidy Co., Inc., has been appointed 
manufacturer’s representative and will 
act as the sales department for Tilton 
endless woven belt. 
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Air Service Seeks 
Inventions 
Gages and = Tanks, 
Portable Hangars Among 
Devices Needed 


WASHINGTON, June 7—The War De- 
partment Air Service is in need of cer- 
tain devices and appliances and asks the 
assistance of inventors and engineers 
with regard to development of the fol- 
lowing: 

Gasoline tanks that will withstand a 
salvo of 15 shots fired at a range of 30 
yd., the ammunition consisting of calibre 
30, equally mixed, service, tracer, incen- 
diary and armor piercing bullets, fired 
through the tank at the most vulnerable 
angle with fire occurring in 10 consecu- 
tive tests on as many tanks. The weight 
should be kept low and be not more than 
75 per cent more than the usual standard 
weight tank. Information about previ- 
ous experiments will be furnished if 
wanted. Air bag floats, landing skids, 
etc., are wanted to prevent a machine 
from capsizing when landing in water. 

Portable hangars for field service as 
the present hangars made of canvas are 
unsatisfactory and leak and blow down. 
Hangars are wanted to hold at least four 
De Haviland planes with enough room in 
addition for mechanical work, and should 
incorporate necessary wiring for electric 
lighting and extension lamps. 

Gasoline supply gages are wanted that 
are responsive, serviceable and accurate 
to the last half-gallon, with mounting on 
the tank. 

Central electric power plant, a single 
generator and battery is sought that will 
furnish required power for the radio in- 
stallation, heating and lighting, electric 
starter, ignition and the motor driven 
camera. This is also to include necessary 
transformers to supply these various ap- 
parati with the electrical energy needed 
in proportion and kind. 

Some sort of engine driven plant is 
wanted so that the head resistance of the 
wind driven generators now used will be 
eliminated. A saving in weight is expect- 
ed from the new type suggested. The 
plant is wanted for use on Liberty 12 
and Hispano Suiza 300 engines. 

Mobile cranking device to be mounted 
on a motor truck to be electrically driven 
and for use on planes not equipped with 
self starters, is desired, so it may be used 
at an aerodrome by being backed up on 
to the front end of any airplane and 
built with a flexible arm attached to. the 
propeller. The electrical energy is then 
to be used to crank the engine and start 
it. When the engine picks up, the ar- 
rangement should be such that the device 
will be automatically thrown out of con- 
nection with the propeller. 


(Gasoline 


FORSCHLER UNDER NEW COMPANY 

NEW ORLEANS, May 19—Philip 
Forschler Wagon & Mfg. Co. has been 
bought by the Forschler Motor Truck 
Mfg. Co., Inc., with headquarters at 120 
North Claiborne Avenue. 
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34 PER CENT OF AIR ENGINES AMERICAN BUILT 

WASHINGTON, June 6—The A. E. F. Air Service received 10,464 airplane en- 
gines during the war and up to Nov. 30, 1918, of which 4153 were Liberty 12’s. The 
Allies produced 6944 or 66 per cent of the total number, and the United States 3520 
or 34 per cent. 

Of the 2698 planes received at the front by the A. E. F. the Allies produced 75 
per cent, France turning out 1825, England-206 and the United States 667. 

Five hundred and nine American fliers lost their lives in action including training 
and accident casualties, as compared with 2680 British and 1945 French. Following 
is the table: 


Per Cent 





Killed Wounded Missing Killed Wounded Missing 
AMOTICAN 66.60 08ise0 509 241 277 50 23 27 
ee eee 2,680 2,988 1,837 36 40 24 
PPO: Cceobieshawats 1,945 2,922 1,461 31 46 23 
POR Aixkeepatces 5,13 6,151 3,575 35 41 24 


From the beginning of the war to April 30, 1919, the Air Service condemned 1105 
planes and 853 engines of all types as follows: 


Service 
gy a 33 
PMSMES. . 6.65 006: 11 


Primary training 
Planes 
Engines 


Advanced training 
eo re 211 
ENGIMIOS.. «30:25 00+ ISO 


Ten thousand five hundred and ninety-four service engines and 2457 service planes 
are included in the “active” class by the Air Service, which has inventoried its equip- 
ment, as against 10,636 obsolescent training engines and 2955 training planes, and 
2540 obsolete engines and 2031 planes. Following is the complete inventory show- 
ing the active engines and planes which are considered worthy of use, the obsolescent 
which are used but will not be rebuilt or repaired when worn, and the obsolete which 
are no longer used: 


——Per Cent-——-—, 
Used, but Out Used, Out 
in flying of com- incom- of com- 
Active New condition mission Totai New mission mission 
Service engines ....10,081 288 225 10,594 95 2 2 
Service planes ..... 2,127 167 163 2,457 S6 q q 
Training engines .. 2,00% 60S 122 2,737 73 22 5 
Training planes ... 7738 980 188 2,241 35 14 22 
Obsolescent 
Training engines... 4,480 3,942 2,214 19,636 42 iv 1 
Training planes ... 538 1,804 612 2.055 61 a 
Obsolete - 
PE ves ewaenias 1,419 15s 163 2,540 6 ( 4 
Planes 1,024 65 40 2,031 1 46 
-—Per Cent——- 
Killed Wounded Missing Killed Wounded Missing 
American earls : ; ; 509 241 277 50 23 27 
British . 2,680 2,988 1,837 36 40) 24 
I. gikc-2 Wher Sb dce-ne-s we wo Sed 1,945 2,922 1 461 31 445 23 
Total - #184 6.151 3.575 35 41 22 
Primary training Advanced training Service 
Planes 861 Planes 211 Planes 33 
Mingines 712 Engines 129 Engines 11 


75 PER CENT 
WASHINGTON, June 9—Contracts 
have been cancelled and suspended for 


the Air Service since the date of the 
armistice representing an original value 


SAVED ON CANCELLED AIR CONTRACTS 


of $130,000,000, liquidated at a saving 
of $95,000,000 or 75 per cent. The fol- 
lowing table gives details of how the 
various items have been dealt with. 


Value of Per cent of Amount Per cent 
contracts suspensions savedon saved on 
liquidated liquidated liquidation liquidation 
Balloons and supplies.... ; $4,067,558 42 $3,418,830 84 
Airplanes and spares.......... 7,707,455 5 6,152,083 80 
Fabrics, lumber and metals... 3,984,143 51 3,127,148 78 
Cierines GWE POPU cccscescncece 102,501,838 38 76.119,701 74 
Instruments and accessories...... 1, 449.995 14 1,021,131 70 
Chemicals and chemical plants.. §.983,419 66 6,242,331 69 
WESICCTIIOOED sc cecccccccecuceey 1,548,547 14 1,281,735 83 
PDN, we dis ical at tondietinmameeelae . .$130,242,955 27 $97 361.955 75 


PROJECTS FOR 11,350 MILES 


WASHINGTON, June 6—Projects for 
improving highways totaling 11,350 
miles to cost $108,295,329, and on which 
Federal aid amounting to $43,076,176 was 
requested, have been approved by the Bu- 
reau of Public Roads to date. This in- 
cludes 1188 projects, of which 813 miles 
have been completed at a cost of $6,870,- 
451, of which $2,692,491 was paid in the 
form of Federal aid by the Government. 


AERIAL SERVICE IN ITALY 


WASHINGTON, June 9—A regular 
air mail service has been started between 
Rome and Naples, Italy, with two trips 
daily from each city. An aerial line will 
be started between Rome and Palermo 
in the near future. The trip will take 
about 4 hours. This is one of the first 
international air routes that will com- 
plete a route between Rome and Con- 
stantinople. 
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NEW CONSTITUTION ADOPTED BY 
GAS ENGINE ASSOCIATION 


CHICAGO, June 7—A new constitu- 
tion for the National Gas Engine Asso- 
ciation, which provided for subsidiary 
groups and for greater specialization it: 
associational work, was adopted this 
week at its annual meeting here. Sec 
tions already formed are the following: 
Farm Engine Section, T. C. Menges, 
Associated Manufacturers Co., Waterloo, 
Ia., chairman; Oil and Stationary Engine 
Section, O. G. Deane, Muncie Oil Eng‘ine 
Co., Muncie, Ind., chairman; Tractor En- 
gine Section, R. K. Schriber, H. C. Doman 
Co., Oshkosh, Wis., chairman; Accessory 
Section, Walter Brown, Webster Electric 
Co., Racine, Wis., chairman; Farm Light 
Plant Section, L. S. Kilholtz, Domestic 
Engineering Co., Dayton, Ohio, chair. 
man. 

About 20 farm light concerns were 
present at the convention and it was 
decided that instead of forming a sepa- 
rate organization it would affiliate with 
the Gas Engine association. 

Lynn W. Meekins, of the Bureau of 
Foreign and Domestic Commerce, ad- 
dressed the last general session on the 
possibilities of foreign trade. He consid- 
ers China, Australasia and Siberia as the 





sections of the world offering the greatest, 


opportunities. He gave the following 
figures on the shipment of internal com- 
bustion engines during the war to June 
30, 1918: 

Engines for military tractors, 23,500; 
kerosene engines, 15,000, principally to 
Canada, England, Australia and New 
Zealand; gas automobile engines, 35,800, 
principally to Canada, England and Ar. 
gentina; korosene stationary engines, 
27,000, principally to Canada, Australia 
England, Cuba and France; gas marine 
engines, 7,200, principally to Canada, 
England, British India and New Found- 
land; gas stationary engines, 3,300, prin- 
cipally to France, Japan, England and 
Australia. 


LOCOMOBILE SUIT MOTION 


NEW YORK. June 10—Attorneys for 
the National Automobile Chamber of 
Commerce to-day filed a formal motion 
that the suit against the Chamber brought 
by the Locomobile Co. be dismissed be- 
cause the plaintiff had not stated a suf- 
ficient cause of action. This is the friend- 
ly suit filed by Locomobile Co. attacking 
the validity of the patent pooling depart- 
ment conducted through the Chamber. 
The pleadings allege that this arrange- 
ment is detrimental to the trade. 

Andrew L. Riker, president of the 
Locomobile Co., has held several offices 
in the Chamber. The filing of this mo- 
tion leaves the suit open to argument at 
the request of either side. 


N. A. D. A. AGAINST CAR SEIZURE 

ST. LOUIS, June 9—At the quarterly 
meeting of the directors of the N. A. 
D. A. here Saturday it was decided that 
the association should lend financial and 
moral aid in the fight the Georgia State 
Dealers’ Association is making against 
the law which permits the seizure of a 
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motor car carrying liquor, regardless of 
mortgage rights of the seller. 

The test case has recently been decided 
adversely to the dealer in the Georgia 
Court of Appeals. It is planned to carry 
this case to the United States Supreme 
Court. The seriousness of this situation 
is in the fact that the entire country 
probably will be on a prohibition basis in 
the near future. A telegram received 
from the National Automobile Chamber 
of Commerce assured the N. A. D. A. 
of full co-operation by that body. 

The seizure of these cars, when sold 
on partial payments, is becoming a con- 
siderable factor in the dealers’ banking 
arrangements. 


United States Exports of Cars. Trucks and Parts. by Countries, 
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AFRICAN AGRICULTURAL SHOW 


JOHANNESBURG, SO. AFRICA, 
April 23—The Johannesburg Agricul- 
tural Show, which is an annual event, 
closed yesterday with an automobile ex- 
hibit disappointing in many respects. 
The absence of European cars made 
quite a difference, and the show was 
not up to its usual standard. 

Studebaker’s new models were shown 
for the first time. The Essex made its 
debut. There were only two tractors at 
the exhibit, Fordson and the Austin of 
Birmingham, England. There was no 
plowing ground satisfactory for the dem- 
onstration close at hand but the Ford- 
son gave plowing exhibits nearby. 
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This table supplements the one which appeared in the May 29 issue of AUTOMOTIVE IN- 
pUSTRIES, and gives figures for all the individual countries, including those generally grouped 
under the collective heading of “Other Countries.” 
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75 Per Cent Detroit 
Business Improving 


In May 69.6 Per Cent Business 
Normal and Above—31 Per 
Cent Below 


DETROIT, June 10—Approximately 
75 per cent of all Detroit business is 
improving rapidly in volume and earn- 
ings. Approximately 19 per cent is 
stationary while only 6 per cent is on 
the decline. Figures obtained from 
representatives of every line of business 
during May show that 25 per cent 
of business is above normal; 44 per 
cent normal, while 31 per cent is be- 
low normal but slowly climbing. 

Price uncertainty is the greatest ob- 
stacle facing manufacturing lines. This 
is especially noticeable in the metal in- 
dustries due entirely to the steel situa- 
tion. Continued advance in the price of 
all commodities is due to wage increases 
and is halting development and re- 
adjustment more than any other single 
influence. 

Detroit’s prosperity is reflected in her 
banking institutions, 23 of which gained 
$43,394,906 in total resources between 
March 4 and May 12. On May 12, bank- 
ing resources here totaled $517,510,360, 
as compared with $474,115,454 on May 4. 
The prediction is that the next state- 
ment of Detroit banks will show a total 
gain in resources of at least $200,000,000. 
This opinion is based upon the belief 
that millions of dollars involved in war 
orders will be settled by that time and 
that considerbale foreign business is 
coming. 


BRITISH IMPORT RESTRICTIONS 


LONDON, June 9—Recent announce- 
ments from the Board of Trade on fur- 
ther relaxation of import restrictions 
contains some interesting information for 
American exporters. 

Rubber tires are to be admitted at the 
rate of 50 per cent of the 1913 importa- 
tions. This is more liberal than the ad- 
mission of cars, which is based on 50 per 
cent of 7 months of 1913. 

The restrictions on the importation of 
the following articles are to be removed: 
Motor car jacks and track jacks, files, 
bronze castings, (machine or phosphor 
bronze), foundry flasks, springs for the 
upholstery trade, friction clutches, flexi- 
ble metallic tubing, rubber manufactures 
other than tires, boots and shoes and sta- 
tionery articles. 

The importation of the following arti- 
cles is to be licensed only exceptionally 
as and when required: Portable shop 
cranes, electric hoists and steel pulley 
blocks, except Yale triplex electric 
hoists, which are to be rationed to regu- 
lar pre-war importers at the rate of 100 
per cent of 1913 importations, steel 
tanks, trolleys and trucks for warehouse 
and wharf, shaft bearings, shaft bearing 
boxes, blocks for shafting, shaft collars, 
shaft couplings, shaft hangers, shaft 
hanger frames, metal baths and fittings 
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thereof, iron and steel welded tubes up 
to 2 inches in diameter. 

The importation of the following arti- 
cles will be licensed exceptionally as and 
when required: fire extinguishers, elec- 
trical measuring instruments of all 
kinds, excepting those with 4-in. dials 
and under. 

It is also reported that bulbs for 
electric lamps will be admitted into Great 
Britain at the rate of 50 per cent of the 
1913 imports, and dry cells and primary 
batteries, except those for pocket lamps 
will be admitted at the rate of 20 per 
cent of the 1916 imports, according to 
information just received by the War 
Trade Board. 


Expansion Plans Reflect 
on Machinery Trade 


DETROIT, June 10—Expansion plans 
of the automotive industry are flooding 
the Detroit machinery makers and deal- 
ers with new business. A _ situation 
rather slow and gloomy in February and 
March has given way to one of optimism 
in May and June, and every indication 
now points to more ktusiness than many 
firms will be able to handle. 

During the month of May, many 
automotive concerns announced ex- 
pansion plans, the results of which 
reflect directly upon the machinery 
trade. Some of the companies an- 
nouncing their plans last month are: 
Detroit Seamless Steel Tubes Co., 
new plant, $3,000,000; Saginaw Malleable 
Co., plant additions, $275,000; Standard 
Parts Co., Flint, new plant, $350,000; 
Jordan Motor Car Co., Cleveland, new 
plant, $250,000; Kenosha Wheel & Axle 
Co., Kenosha, Wis., new plant, $500,000; 
General Motors Corp., new plants, equip- 
ment, etc., in Michigan alone, $30,000,000; 
Henry Ford & Son, -Dearborn, and in 
other states, plants and equipment in 
Michigan and other states, $2,500,000; 
General Motors Corp., outside of Michi- 
gan but within the United States, $12,- 
000,000; in Canada, $6,000,000; Good- 
year Tire & Rubber Co., Akron, plant 
addition, $500,000; Studebaker Corp., 
South Bend, new appropriation, $4,000,- 
000; Maxwell Motors Corp., for Canadian 
plant, $1,000,000. In addition at -least 

2,500,000 has been scheduled for plant 
additions and new equipment by the 
firms in Michigan. 


ELCAR INCREASES PRICES 
CHICAGO, June 9—The price of the 
6-cylinder Elcar has been raised from 
$1,375 to $1,475. The 4-cylinder remains 
the same, $1,175. 


New Price Old Price 
6-cylinder .....$1,475 $1,375 
4-cylinder ..... 1,175 1,175 


CONTINENTAL MOTORS ADDS 


MUSKEGON, MICH., June 7—Conti- 
nental Motors Corp. will spend about half 
a million or more in making building ad- 
ditions to its local plant and in adding 
new machinery. 
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Profit Tax Encourages 
Building Operations 


Money Going into Plant Additions 
and Improvements to Avoid 
Heavy Taxes 


DETROIT, June 9—The excess profit 
tax, which is taking from 40 per cent to 
75 per cent of the profits of local manu- 
fatturers, is the cause of the greatest in- 
dustrial expansion in the history of the 
city. Profits spent in expansion, plant 
improvements, new equipment, etc., are 
non-taxable, and scores of manufactur- 
ers are putting the major portion of their 
money back into their business. In 
other words, the government is paying 
for 60 per cent of expansion projects, 
here and elsewhere, for if the money was 
not invested in improvements, etc., most 
of it would go to the government in 
taxes. 


Increased Capitalization 


Dozens of companies have increased 
their capitalization and have erected new 
plants. New factories are springing up 
everywhere. The investment in new 
plant units, improvements, equipment, 
etc., will run high into the millions. 
Many concerns are building homes for 
their workers. Since Jan. 1 approxi- 
mately $1,500,000 has been invested 
monthly in new buildings, not to men- 
tion the establishments which have 
changed hands, involving an equal, if not 
greater, amount. 

The automotive industry has not been 
slow in grasping every expansion op- 
portunity. In fact, the industry has set 
the pace for the rest of the manufactur- 
ing field. This is shown by the remark- 
able expansion projects of General Mo- 
tors and Studebaker corporations. 

Since the government fixed the price 
of steel and that market became more or 
less steady, as far as the building trades 
were concerned, construction plans held 
in leash by scores of big companies were 
released. Steel prices are in no way 
checking building work here. 


PACKARD WINS GEAR SUIT 


WASHINGTON, June 11—The Pack- 
ard Motor Car Co. is decleared to be 
originator of the spiral bevel gear axle 
in a decision handed down by the Court 
of Appeals of the District of Columbia, 
a court of last resort in such actions. 
The Gleason Works of Rochester, N. Y,, 
was the contender in the suit. The de 
cision rules that a Packard employee 
was the inventor of the machine and pro- 
cess of making the gears in 1912 and 
that in 1913 the Gleason works devised 
a faster machine than that used by the 
Packard Co. 

The decision follows, by a few days, 
the purchase of the patent rights by the 
Gleason Works. There are now nearly 
400 Gleason machines in operation, each 
having a capacity of 10,000 spiral bevel 
gears annually. 
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Slight Prospect of 
Trade With Europe 
is Hanch’s Report 


(Continued from page 1363) 


had been the father of high protection, 
should come to France and tell her what 
duties she should place on American 
automobiles. 

In defending France’s present attitude 
with regard to automobiles Mr. Cezanne 
says: 

“Concerning the requirements of motor 
vehicles I should like first of all to state 
that the French Chambre Syndicale 
des Constructeurs d’Automobile, having 
studied this question very seriously for 
some months, is firmly resolved that 
future necessary general interests of 
the country must be considered before 
the private interests of automobile con- 
structors. This is the policy that has 
been followed during the whole war. 

“T think you have been misinformed as 
to the extent of the requirements of the 
French clientele and I should like to 
give you correct details showing by in- 
ontestable figures these requirements are 


much smaller than the supplies which | 


could be made either immediately by 
the French military authorities, who hold 
a very large stock of motor vehicles, or 
within a relatively short time by our 
French factories which are able to turn 
.out a much greater number of motor 
vehicles than are required to supply the 
French market. 

“Tn 1913 there were 90,959 touring cars 
in France, of which 48,512 were used for 
‘business or professional purposes. To 
-these figures add 6000 trucks which, at 


-that time, were amply sufficient for 
‘French requirements. This totals 100,000 
vehicles. 


France Doubles Trucks Since 1914 


“During the war the Government re- 
<quisitioned all the 6000 trucks and 40,- 
000 touring cars. Due to truck pur- 
chases from foreign countries during the 
war, France has approximately doubled 
the trucks she had in 1914. 

“It may be strange to you that a coun- 
try like France, with good roads, should 
have so few touring cars in proportion 
to its population, one car for every 300 
people, whereas the U. S. A. has one 
ear for every 14 people. It is impossible 
-to compare the two situations if we con- 
sider the distribution of population per 
square kilometer and the length of rail- 
road lines in the two countries. The 


French population is much denser per - 


square mile or kilometer and the rail- 
road mileage per population is greater 
in France than in the U. S. A. 

“From 70 to 75 per cent of the French 
population belongs to the peasantry liv- 
ing on the land and have not been owners 
of motor cars. 

“Again, in America a motor car last¢ 
2 or 3 years, whereas in France a car is 

}kept as long as possible by the owner. 

“In France the tax is very high and 
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there is little chance for reduction. The 
luxury tax is 10 per cent for the value 
of the car and applies to used cars as 
well. The annual tax on the 15 hp. car 
ranges from 170 to 500 francs, according 
to the locality. Gasoline is 5 to 6 times 
as expensive as in the U. S. A. 

“For these reasons, circulation of cars 
in France cannot develop as rapidly as 
in the U. S. A. Further handicap exists 
in consequence of the reduction of private 
fortunes in France, due to the war, and 
the great increases that must be made 
in taxes and, as a result of these con- 
ditions, an estimated maximum of 25,000 
to 30,000 cars will meet the immediate 
requirements and that the total number 
cannot exceed 135,000 cars. 

“In 1918 the French factories pro- 
duced 45,000 to 50,000 car chassis, 25,000 
of which were exported. Since then 
French factories have developed in the 
manufacture of car material and within 
a relatively short time will be able to 
produce 120,000 cars per year in addition 
to trucks. This is the presumed require- 
ments of the French clientele, which are 
not all equally urgent and could be made 
within a year if the French factories 
were main masters of the French market. 

“In addition the French factories are 
supplemented by 25,000 vehicles which 
can be immediately released from the 
army in good condition, and 25,000 others 
which can be released after undergoing 
repairs. These alone would meet the 
most pressing requirements of the French 
people. 


French Factories in Production 


“French factories are already begin- 
ning to produce cars and production will 
increase during the next few months so 
that the French market will reach the 
saturation point before the end of 1919. 

“From the moment the possibilities of 
French production will have, exceeded 
the requirements of the French market, 
and if the makers require export trade, 
will the automobile makers of the 
U. S. A. be disposed to open the doors 
of their own market to French ears, 
which doors they have kept so tightly 
closed for more than 10 years? 

“T, therefore, come to the conclusion 
that French automobile constructors can- 
not subscribe to the proposition which 
you formulate. The manufacturers of 
the U. S. A. must know that if they were 
permitted to send large numbers of cars 
into France, simply because thev have 
been more favored than their French 
colleagues during the war and are able 
to make deliveries, that would be dealing 
a mortal blow to the French manufac- 
turers. This, I feel, is not their in- 
tention.” 

Writing on the subject of future duties 
on automobiles, Mr. Cezanne continues: 

“T quite understand that vou find the 
course even uniust that an American car 
coming into France to pay a duty of 
45 per cent ad valorem, while an Italian 
car pays only 10 to 15 per cent. Permit 
me to say with all free candor, that for 
many years French cars going into the 
U. S. paid 45 per cent ad valorem while 
Ameriean cars coming into France were 
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Exports of Automobile Tires from 
United States During April, 1919 
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UNI in 6:60 68S ew worew a ee ee amen 6,93 
ee eee ere yr ee 26,996 
EI, EINE. Sc '6:iy sos aren ein oxorca ace arena 2,601 
MEE RID, ~ oro sin we deuwacunewatees 390 
SEE WGA ah aaa stewie aa mae aun wales 25,549 
BEES. ics cs oicaes esis aw wee ease ee 62,373 
EEE so :iarcscic n'a oleae diese SW ees 29,510 
RNIN rated ois acic-< sense eiche meimerere isons 42,141 
2 a ee ee 1,767 
SE TRIN o> Sd iccleie ess aioirs 101,788 
pe Ne BST es 63,161 
Other British East Indies.......... 4,268 
EPRCCR. TEBE TRAIGB. occicien ove esse oe 58,339 
FPrenen Bast INGO 20.6 0ccccscccie 1,766 
Co ce ee 5,696 
MI Elian CEs 44 sa es Wee ER eR s 20,851 
MINE Ci iaicctaneiaceremre ke wietetes wow shee 9,766 
TE RII 5 ca. 0 cronies bles oie-9% 36 
PS in Scie olen aieveteabain wiomeleras 66,194 
ee, a eer eee 59,584 
Other British Oceania ........... 4,495 
Py ear 248 
FORMAN TIOGGRIB «oc icccccteccssves 464 


PRUNING TANGS § o.occcicc.cs.cc.v:0sen 58,667 


SIVGCI WORE BATION. occ cccscceccwe 4,971 
ERETEI TERE BATICR . o..cccccccswecves 7,188 
EE NEN Sis ons alee ea eu cues 220 
SOE: nin ce gaidiaanstenucwar 285 
WIRE varia Mamie ncresce-s;is ala Sao ee 4,701 

WS esis se hci kces ewcwkes $3,923,936 





only taxed on a basis of 8 to 10 per cent. 
France found this treatment hard and 
unjust, the more so because French pro- 
duction could not be a danger for Ameri- 
can production, the latter being so much 
greater. 

“At one of the meetings you gave us 
to understand that there was not much 
chance of this duty being materially 
modified and yet, because you have 
fought beside us, you ask all of the 
Allies shall be treated on the same foot- 
ing. It seems to me, and I feel sure that 
all my countrymen will agree with me, 
that if any steps are to be taken towards 
an equitable solution, the government of 
the United States should take the first 
step. 

“The American automobile industry 
would be honored in our eyes by bringing 
the matter to the notice of their govern- 
ment, but it is not surprising that if 
we cannot have the same tariff for all 
the Allies, we urge upon the French 
government at least to apply to each 
of our Allies the same treatment they 
think proper to apply to us.” 
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MeGUIRE CARLISLE SALES HEAD 


STAMFORD, CONN., June 10—Clar- 
ence V. McGuire has been appointed 
general sales manager and advertising 
director of the Carlisle Cord Tire Co. 
Until now he has been vice-president of 
Van Patten, Inc., advertising agency. 
In entering the company he becomes a 
director of the organization and a mem- 
ber of the executive board. 

Harold W. Woodworth, who has been 
in the Boston office of the Ahlberg Bear- 
ing Co., Chicago, will be in charge of the 
new office of the company at 511 West- 
minster Street, Providence, R. I. 

Bruce E. Anderson, formerly with the 
Ideal Engine Co., has become general 
manager of the Lansing Body Co., suc- 
ceeding Frank Thoman, who retires as 
manager but continues as a member of 
the board of directors. 

R. S. MeLaughlin, president of the 
McLaughlin Motor Car Co. and a vice- 
president and director of the General 
Motors Corp., has been elected president 
of the newly organized General Motors 
of Canada, Ltd., which has a capital of 
$10,000,000. 

L. P. Helm, for two years in charge of 
production of the Olympian Motors Co.. 
Pontiac, has resigned to become produc- 
tion engineer of the Chief Motors Corp.. 
Port Huron, Mich. 

J. H. MeMillan, advertising manager 
of the Mueller Metals Co., Port Huron. 
Mich., has resigned, to take effect June 
15. His future plans have not been 
announced. 

Otto Bruenauer, formerly director of 
sales and engineering of the U. S. Ball 
Bearing Mfg. Co., Chicago, has resigned. 
Otto Bruenauer and Howard L. Spohn 
hecame identified with the U. S. Ball! 
Bearing company in January, 1917, and 
with Walter H. Strom had charge of 
the plant. As a result of reorganization 
and changes in policy consequent upon 
the death of Walter H. Strom in Jan- 
uary, 1919, Spohn resigned as commer- 
cial manager in May, Bruenauer’s 
rssignation following. Spohn immedi 
ately returned to the Class Journal Co. 
ruenauer’s future plans have not been 
announced, 


CARBURETER HAS NEW MAKER 

CHICAGO, June 9—The Beneke &« 
Kropf Mfg. Co. has succeeded the Findei- 
sen & Kropf Mfg. Co. and will make the 
tayfield carbureters formerly made by 
the latter concern. With the reorgani 
zation of the company, plans for the ma- 
terial expansion of manufacturing have 
been formulated. Henry Beneke, former 
ly vice-president of Hibbard, Spencer 
Bartlett & Co., has purchased the entiré 
interests of Frederick Findeisen and be 
comes vice-president and treasurer of 
the reorganized company. O. F. Kropf 
remains with the company as active 
president, and E. A. Bates continues as 
director of sales and advertising. 
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REQUA RESIGNS AS OIL HEAD 


WASHINGTON, June 6—Mark LL. 
Requa resigned to-day as director of the 
oil division of the U. S. Fuel Adminis- 
tration. Mr. Requa’s departure marks 
the disbanding of the oil division, which 
controlled the production and consump- 
tion of oil, including gasoline, during the 
war. 


PARKS HEADS MAXWELL 
WALKERVILLE, ONT., June 6— 
George W. Parks has been elected presi- 
dent and general manager of both the 
Maxwell Motor Co. of Canada, Ltd., and 
the Chalmers Motor Co., of Canada, Ltd. 


L. E. Lyons, who for the past several 
months has been acting as sales manager 
of the B. F. Everitt Co., has resigned to 
return to the Sheldon Axle & Spring Co., 
with headquarters in Detroit. 


William F. Jahnke, formerly a member 
of the city commission of Saginaw, is 
now connected with the General Motors 
Corp. in Detroit, being one of six men 
working out plans for the organiza- 
tion of a savings and investment depart- 
ment of the General Motors Corp. 


UNGER HEADS RESEARCH SOCIETY 


DETROIT, June 10—J. S. Unger, with 
the Detroit branch of the Carnegie Stee! 
Co., was elected president of the Steel 
Treating Research Society Saturday 
evening, and L A. Danse, Cadillac Motor 


Car Co. secretary and treasurer, was 
chosen vice-president. Dr. John A. 
Mathews, Syracuse, talked on metal- 


lurgical achievements of America during 
the war and the new alloys devised and 
new methods invented. He declared that 
the broken parts of the racing cars 
which failed to finish in the Indianapolis 
500-mile race May 31 should be exam- 
ined by experts to determine the reason 
for breakage in order to secure the bene- 


fit of this knowledge for future con- 
struction. 
TRACTOR SHOWS IN OHIO 
COLUMBUS, OHIO, June 10—There 


will be four tractor shows in Ohio this 
year. The first will be held here, July 
28-29, the second in Piqua, Aug. 1-2, 
third in Fostoria, Aug. 6-7, and fourth 
in Akron, Aug. 12-13. The demonstra- 
tions will be in charge of Prof. H. C. 
Ramsower, head of the agricultural en- 
gineering department of the Ohio State 
University. . 
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WHITE PLANS NEW CAR 


DETROIT, June 9—D. McCall White, 
formerly vice-president of the Cadillac 
Motor Car Co., has opened a temporary 
office in Detroit. He is actively engaged 
in getting out the preliminary designs 
for a new car which he is going to manu- 
facture. The location of the plant in 
which it will be produced has not been 
definitely determined. 


DORT MEN IN SOUTH AMERICA 


KLINT, June 10—F. A. Petrie, direc- 
tor of sales of the Dort Motor Car Co., 
for the South American countries, sails 
on June 20 for Buenos Aires to establish 
export connections for the Dort car in 
Latin America. He is taking with him 
Vaughn Green, engineer and service ex- 
pert, and four sample cars. He expects 
to visit Argentina, Uruguay and Chile 
and will make a careful survey of that 
field. 


Lynn McNaughton has been appointed 
general sales manager of the Cadillac 
Motor Car Co., succeeding Earle C. How- 
ard, who recently resigned. Mr. Me- 
Naughton has been with the Cadillac 
sales organization for 14 years, and as- 
sistant under Mr. Howard since 1913. 


B. V. Unwin, until recently connected 
with the Commonwealth Brass Co., De- 
troit, has been appointed manager of the 
sales promotion department of the J. C. 
Wilson Co., Detroit. 


Ik. W. McIntyre has been appointed 
sales manager of the Becker Milling Ma- 
chine Co., Boston. For the past 16 years 
he was connected with the Niles-Bement- 
Pond Co., Boston. 


0. D. Conover, formerly vice-president 
and chief engineer’ of the T. W. Price 
Engineering Co., New York, and produc- 
tion manager of the Ludlum Electric 
Furnace Corp., has resigned to become 
sales and production engineer on foun- 
dries and steel plants of the Austin Co. 


SHEEPSHEAD BAY ENTRIES 
NEW YORK, June 9—A program of 
four events, 10, 20, 30 and 50-mile race, 
is scheduled for the Sheepshead speedway 
June 14. Professional entries include: 
Dario Resta...... 


Joe Thomas...... 
Louis Chevrolet.. 


.. Resta special 
. Mercer special 
Frontenac special 


WE Wein cca cess Hudson special 
Denny Hickey... Stickel special 

J. M. Reynolds. Frontenac special 
Dave Lewis...... . Meteor special 
Tommy Milton... . Duesenberg special 
Ralph DePalma....... Packard specia! 
Rene Thomas..... Ballot 

Albert Guyot or 

Louis Wagmer......... Ballot 


The 20-mile event is to be an invita- 
tion race for non-professional drivers. 
The two entries for this event received 
by the Contest Board of the American 
Automobile Association so far are: 


Ww. T. Comerford...... Stutz 
Eddie O’Donnell...... Duesenberg 
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BRIGGS & STRATTON WILL 
ENLARGE 

MILWAUKEE, WIS., June 9—The 
Briggs & Stratton Co. will enlarge its 
productive facilities aproximately 100 per 
cent at a cost of nearly $500,000. Ground 
will be broken early this week for a 5- 
story fireproof factory building, 60 x 185 
ft., duplicating the present factory, erect- 
ed about three years ago. In addition, a 
new office building, laboratory and engin- 
eering building, 69 x 120 ft., 4 stories 
high, will be built. The new facilities will 
be available by Oct. 1. 

The company also will take over the 
motor-wheel department of the A. O. 
Smith Corp., Milwaukee. The motor- 
wheel is a gas-engine attachment for 
bicycles. The working force will be en- 
larged to 1,000 or 1200 in three or four 
months. 

Stephen E. Briggs, president and gen- 
eral manager, left last week for Europe 
to investigate market conditions for ex- 
port. During hostilities, the larger part 
of the company’s facilities were devoted 
to the manufacture of hand and rifle 
grenades, 


ENGLISH COLUMBIA AGENCY 

DETROIT, June 6—The Columbia 
Motors Co., Detroit, has engaged Stanley 
Watson Inc., London, Eng., to take the 
agency for the Columbia car abroad. 
PERFEX TO DISMISS BANKRUPTCY 

MILWAUKEE, WIS., June 9—A peti- 
tion seeking dismissal of involuntary 
bankruptcy proceedings filed March 28 
against the Perfex Radiator Co., Racine, 
Wis., has been set for hearing on Wednes- 
day, June 18, by Judge F. A. Geiger of 
the Federal Court at Milwaukee. The 
plant has been continued in operation 
under the direction of Julius J. Goetz, re- 
ceiver, since proceedings were instituted. 


DIVIDENDS DECLARED 

The McCord Mfg. Co., Detroit, quar- 
terly dividend, 75 cents, payable July 1 
to stockholders of record June 25. 

Pierce-Arrow Motor Car Co., Buffalo, 
quarterly dividend, 2 per cent, payable 
June 14 to stockholders of record 
May 31. 

CLEVELAND, June 11—The Cleveland 
Tractor Co. will increase its capitaliza- 
tion $1,980,000. Stockholders will be 
given first opportunity to subscribe to 
the new stock. A stock dividend of 10 
per cent was also declared, and an initial 
iuarterly dividend of 14% per cent be- 
ginning July 1, thus placing ‘all the 
Cleveland stock on a 6 per cent basis. 

Allis-Chalmers Manufacturing Co., De- 
troit, regular quarterly dividend, 1% per 
cent on preferred, and % per cent on ac- 
count of accumulated dividends on pre- 
ferred, both payable July 15 to stock- 
holders of record June 30. 


Stutz Motor Car Co., Indianapolis, reg- 
ular quarterly dividend, $1.25 a share, 
payable July 1 to stockholders of record 
June 23. 
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INTERNATIONAL HARVESTER 
BUYS PLOW 

CHICAGO, June 9—The International 
Harvester Co. has purchased the Chat- 
tanooga Plow Co., maker of chilled 
plows. The Chattanooga Plow Co. was 
formed 40 years ago and is being op- 
erated by the founders. Its plant covers 
about 3% acres of a 7-acre site. The 
line of horse and power cane mills estab- 
lished by the Chattanooga company will 
be continued by the Harvester company. 


PLANS FOR 150,000 FORDSONS 

DEARBORN, June 6—Henry Ford & 
Son plans to produce approximately 150,.- 
000 tractors during the fiscal year com- 
mencing June 1, 1919. The plant has 
been in operation 14 months and on May 
1, the date it closed down for inventory, 
it had made 53,078 tractors. Inventory 
work was completed June 1 and the com- 
pany is back in production. Approxi- 
mately 100 tractors were run daily this 
week, and before the middle of June the 
daily output will be between 300 and 400 
machines. Orders have been received 
from France, England and Belgium for 
1000 tractors. 


NORTHWAY MAKES 580 ENGINES 
DAILY 

DETROIT, June 6—The Northway Mo- 
tors Corp., one of the General Motors 
units, is averaging 580 automobile en- 
gines daily. The company is also mak- 
ing engines for the Sampson tractor. 
Approximately 400 engines are being 
turned out daily for the Oakland Motor 
Car Co., 150 for Olds Motor Works and 
30 for the Cole Motor Car Co. It will 
be nearly one year before the building 
program, recently outlined for this com- 
pany, goes into effect. 


ONEIDA PRODUCTION DOUBLED 

GREEN BAY, WIS., June 7—The 
Oneida Motor Truck Co. since the end of 
the war has more than doubled its prod- 
uction and increased its sales by 130 per 
cent. During May salesrooms were es- 
tablished at Baltimore, Denver and Sioux 
City. 

FORD STREET CAR NEXT 

DEARBORN, June 6—Within two 
weeks the first of Henry Ford’s “street 
cars,” with which he hopes to solve De- 
troit’s transportation problem, will be in 
The big gasoline vehicle is 
nearing completion at the Dearborn trac- 
tor plant. C. J. Hall of Los Angeles, 
Cal., is aiding Mr. Ford in designing and 
construction work. 
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MARTIN-PARRY MERGER 


INDIANAPOLIS, June 9-—The Martin 
Truck & Body Corp., York, Pa., and the 
Parry Manufacturing Co. of this city, 
both commercial car body makers, have 
merged as the Martin-Parry Corp. John 
J. Watson, Jr. is chairman of the board, 
and other directors are: Guy E. Tripp, 
Westinghouse Electric & Manufacturing 
Co.; James F. Shaw, Knauth, Nachod & 
Kuhne; F. M. Small, former president of 
the Martin Truck Co.; Robert I. Burr, S. 
C. Parry, Parry Manufacturing Co.; Wal- 
ter R. Herrick, Herrick, Berg & Co., and 
George R. Walbridge, Bonbright Co., Inc. 


COMPLAINT AGAINST PAN MOTORS 


WASHINGTON, June 6—The Federai 
Trade Commission has issued a com- 
plaint against the Pan Motor Co., St. 
Cloud, Minn., and the president, Samuai 
C. Pandolfo, charging him and the com- 
pany with having sold stock worth $4.- 
723,111 and deceiving the public by cir- 
culating false statements and unfair 
advertisements regarding the assets and 
resources of the company. They claim 
there were 54,000 recorded subscribers 
of stock of whom 39,000 have paid their 
subscriptions in full. 

The commission complains that the 
Pan Motor Co. represented that they 
planned to manufacture passenger auto- 
mobiles on a large scale but merely 
assembled 200 cars. 

This is the first formal complaint is- 
sued by the Federal Trade Commission, 
and the defendants are ordered to file 
their answer by July 10. 


REO MAKING 50 A DAY 
LANSING, MICH., June 7—The Reo 
Motor Car Co. averaged 30 per cent more 
cars in May than the average production 
for the first quarter. The company is 
producing from 40 to 50 trucks daily. 


800,000 KELSEY WHEEL SETS IN 1919 

DETROIT, June 7—The Kelsey Wheel 
Co.’s 1919 output will be 800,000 sets of 
wheels, as against 690,000 in 1918. In 
addition to automobile wheels the com- 
pany is now making automobile bodies 
and brake bands. 


5 HINKLEY ENGINES A DAY 

DETROIT, June 6—The Hinkley Mo- 
tors Corp., after shifting from a 100 per 
cent war rating to a peace basis, got into 
production June 1 and is now running 
approximately 5 engines daily. The com- 
pany expects to make 6000 engines this 
year and 15,000 in 1920. About 350 
men are employed. 

ACASON IN CAPACITY PRODUC. 

TION 

DETROIT, June 6—The Acason Truck 
Co. is producing from 20 to 23 trucks a 
day, which is plant capacity. 


AUTO WHEEL PRODUCTION 
LANSING, June 3—The Auto Wheel 
Co. is now approaching capacity pro- 
duction. The company is producing 450 
sets of wheels daily. 

















SHOWS 


. 30-Sept. 6&—Minnesota. 
State Fair. 

1-6 — Indianapolis, Ind. 
State Fair, Cars and Ac- 
cessories, Indianapolis 
Automobile Trade Assn., 
John B. Orman, Manager. 
13-20—Cincinnati, O. 
Ninth Annual, Music Hall, 
Cincinnati Automobile 
Dealers’ <Assn., H. K. 
Shockley, Manager. 

*Oct. 9-19—Paris. Grand Palais, 
International Automobile 
Mfrs. Congress. 

Nov. 7-16—London. Olympia 
Motor Car Exhibition—So- 
ciety of Motor Mfrs. and 
Trades. 

December — Brussels. Interna- 
tional Automobile Mfrs. 
Congress. 

Jan, 3-10—New York, 
Grand Central Palace, 
National Automobile 
Chamber of Commerce, 8S. 
A. Miles, Manager. 


. 24-31—Chicago, IIl. 
eum, Cars; Drexel Pavil- 
ion, Trucks; National 
Automobile Chamber of 
Commerce, S. A. Miles, 
Manager. 
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Calendar 


Inter- 
Mfrs. 


January — New York. 
tional Automobile 
Congress. 


February — Chicago. Interna- 
tional Automobile Mfrs. 
Congress. 


23-Mar. 
Eng. 
Fair. 


Feb. 6 — Birmingham, 


British Industries 


TRACTOR SHOWS 


June 9-12—Denver, Colo. Sec- 
tional Tractor Demonstra- 
tions, Denver Tractor 
Club. 
14-—Wichita, Kan. Auto- 
motive Committee of Na- 
tional Implement Assn. 
July 28-29—Columbus, O. Trac- 
tor show in charge of 
Prof. H. C. Ramower, head 
of agricultural engineering 
department of Ohio State 
University. 
1-2 — Piqua, O. Tractor 
show in charge of Prof. 
H. C. Ramower, head of 
agricultural engineering 
department of Ohio State 
University. 
18-22—Aberdeen, S. D. Sec- 
tional Tractor Demonstra- 
tions. 


July 


October—Ottawa, Ont., Can. In- 
terprovincial Plowing 
Match and Tractor Dem- 
onstration. 

CONTESTS 

June 12-13—Travers Isl., N. Y. 

Greenfield, Mass., and re- 

turn. Inter-City reliability 

run, 
14—Sheepshead Bay, L. 
Speedway race. 

4—Hohokus, N. J. 

Track Event. 

July 4—Tacoma, Wash. 
speedway races. 

July 4—Atlantic City, N. J.— 

Airplane races—Aero- 

nautic Convention. 

*July 5—Cincinnati, O. 

way. 

*July 19—Uniontown, Pa. Speed- 
way race. 

*July 26—Sheepshead Bay, L. I. 
Speedway race, 

*Aug. 15— Middletown, N. Y. 

Dirt track event. 

Road 


*Aug. 22-23—Elgin, Il. 

race. 

*Aug. 23—Sheepshead Bay, L. I. 
Speedway race. 

*Sept. 1—Uniontown, Pa. Speed- 
way race. 

*Sept. 20—Sheepshead Bay, L. I. 
Speedway race. 
*Sept. 27—Allentown, Pa. 

track event. 
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Annuai} 
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*Oct. 1—Cincinnati, O. 


way race, 

*Oct. 4—Trenton, N. J. 
track event. 

*Oct. 11—Danbury, Conn. 
track event. 


*Tentative dates. 
+Sanctioned. 


CONVENTIONS 


June 12-14—Pittsburgh. Annual 
convention of American 
Drop Forge Assn. and 
Drop Forge Supply Assn., 
William Penn Hotel. 
16-19—Detroit. American 
Society of Mechanical 
Engineers spring meeting, 
Hotel Statler. 
23-28—Ottawa_ Beach, 
Mich. S. A. E. Mid-sum- 
mer Meeting. 
9-10—Buffalo. Motor and 
Accessory Mfrs. Assn. 
Mid-summer convention. 
22-24—-Philadelnhia. An- 
nual Convention, National 
Association of Purchasing 
Agents. Bellevue - Strat- 
ford. 

May 12-15, 1920—San Francisco. 
Seventh National Foreign 
Trade Convention. 

January — Washington. Pan- 
American conference. 


Speed- 
Dirt 
Dirt 


STROMBERG FINANCIAL REPORT 


NEW YORK, June 9—The Stromberg 
Carbureter Co. of America, Inc., holding 
company of the Stromberg Motor De- 
vices Co., has just published its annual 
report for the fiscal year ending Dec. 31 
last. Net profits of $279,097 are shown, 
as compared with $318,819 of the previ- 
ous year. The profit per share is $5.58, as 
compared with $6.37 in 1917, on the 
50,000 shares of no par value. 

The income of the Carbureter company 
consisted of $350,628, the net earnings 
of the Motor Devices company and $21,- 
742 other income, a total of $372,368. The 
deductions are $70,392 for Federal taxes 
and $22,879 for .other taxes and sundry 
expenses. In this report no provision is 
made for the 1919 taxes because the Fed- 
eral rate was not known at the time the 
books were closed. 

The Motor Devices Co. report shows 
sales for the year of $2,160,373 and op- 
erating profit of $384,781. The added 
income was $6,817, making total income 
$391,598. Charges of $40,972 were de- 
ducted for taxes, etc. The Carbureter 
company balance sheet shows: 

Assets. 


Investment Stromberg Motor De- 


vices Co. 

Cash 

Liberty bonds 

Notes receivable and 
terest 

Purniture and fixtures.......sccccee 


accrued 


RD ord os texts led ababana al acme aia ee $1,445,610 
Liabilities. : 
Capital stock (50000 shares 
out par value) 
Surplus 


with- 
1,195,610 
$1,445,610 


CARS AND TRUCKS FOR 
ARGENTINA 


WASHINGTON, June 10—An addi- 
tional field for motor cars and trucks has 
been opened in a section of Argentina as 


a result of the construction of a macad- 
amized highway connecting the cities of 
La Plata and Bahia Blanca, which tra- 
verses the distance of Lomas de Zamora, 
Can - Vicente, Canuelas, Monte, Las 
Flores, Azul, Olavarria, Laprida, Prin- 
gles and Tornquist. The first section of 
this road has been completed. La Plata 
is also connected directly with Buenos 
Aires by a macadamized highway. The 
new road, nearly 500 miles long, will link 
all of the border section with the ports. 


TRADE-MARK LAW 


WASHINGTON, June 11—A _ new 
trade-mark law in Honduras, effective 
Aug. 1, 1919, provides for a registration 
fee of $50 gold for each trade-mark. This 
increased fee will not apply to applica- 
tions filed before Aug. 1. 


JAPANESE REGULATIONS 


WASHINGTON, June 6—New automo- 
bile regulations have been promulgated 
by Japan. Chauffeurs, who are required 
to be 18 years old, are divided into two 
classes, A and B, according to their qual- 
ifications as operators. 

Those in class A may operate any 
kind of car and their licenses are good 
for five years. Chauffeurs in class B can 
also operate for five years on the same 
license, but only special cars or classes 
of cars. 7 

The speed limits vary according to the 
width of the streets. On roads between 
12 and 18 ft. wide, machines may run at 
the rate of 8 m.p.h., between 18 and 36 ft. 
at 12 m.p.h., on roads above 36 ft. in 
width at 16 m.ph. Within the city limits 
machines must not travel on streets less 
than 18 ft. wide. They may run at a 
speed of 12 m.p.h. on streets between 18 
and 36 ft. wide and on those wider than 
36 ft. 16 m.p.h. is the limit. 


FOREIGN TRADE OPPORTUNITIES 


WASHINGTON, June 10—The Bureau 
of Foreign and Domestic Commerce, De- 
partment of Commerce, has received re- 
quests for automobile or parts and ac- 
cessories agencies of business from indi- 
viduals and companies in foreign coun- 
tries. These are listed below. For fur- 
ther information address the Bureau of 
l’oreign and Domestic Commerce, Room 
149, Customhouse, New York, specify- 
ing each Foreign Trade Opportunity 
number on a separate sheet of paper. 


Mexico—Cars, motor trucks and accesso- 
ries. No. 29 504. 

Philippines—Cars and tires. No. 29,217. 

Australia—Accessories and pressed steel 
grease cups. No. 29,524. 

Belgium—For 3 firms sale of trucks, with 
trailers, 114% to 3 tons, small agricultural ma- 
pons gl tires, solid and pneumatic. No. 
29272. 

Belgium—Small cars, 
motorcycles. No. 29274. 

Switzerland—Engines, trucks, tractors. 
Correspondence may be in English. No. 29280. 

Catalogs with price lists of medium and 
high grade cars. Correspondence may be in 


English. No. 29313. 
Spain—Cars. No. 29331. 


LITHUANIA MARKET FOR CARS 


NEW YORK, June 7—Lithuania, 
which has been freed from all export re- 
strictions by the War Trade Board, of- 
fers a new field for American cars. It is 
a rich agricultural country organized 
into co-operative enterprises, which make 
it possible for her to buy on a large scale, 
according to a bulletin distributed by the 
New York office of the Lithuanian Na- 
tional Council. It is in need of proper 
motor equipment, including trucks, trac- 
tors and cars, offering a new market 
to the American manufacturer. 


trailers, trucks and 


SHIP TO GERMAN AUSTRIA 
WASHINGTON, June 9—Applications 
will now be considered by the War 
Trade Board for exportation of automo- 
tive products to German Austria. 








